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COMPLEMENTARY MOS SEMICONDUCTOR DEVICE AND 
METHOD OF MANUFACTURING THE SAME 

RACKGROUN O OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of manufacturing 
a semiconductor device in which a low voltage operation, low power 
consumption and a high driving capacity are required, particularly 
to a power management semiconductor device such .as a voltage 
detector (hereinafter referred to as VD) , a voltage regulator 
(hereinafter referred to as VR) or a switching regulator 
(hereinafter referred to as SWR) or an analog semiconductor device 
such as an operational amplifier or a comparator. 

2. Description of the Related Art 

Fig. 89 is a schematic cross sectional view of a conventional 
semiconductor device. The semiconductor device is composed of an 
complementary MOS structure (hereinafter referred to as CMOS) 
constituted of an N-channel MOS transistor (hereinafter referred 
to as NMOS) in which a gate electrode formed on a P-type 
semiconductor substrate is comprised of N+type polycrystalline 
silicon and a P-channel MOS transistor (hereinafter referred to 
as PMOS) in which a gate electrode formed in an N-well region is 
also comprised of N+type polycrystalline silicon, and a resistor 
used in a voltage dividing circuit for dividing a voltage which 



is formed on a field insulating film or a CR circuit for setting 
time constant. The resistor is formed of polycrystalline silicon 
that is the same layer as a gate electrode of CMOS with N-type 
conductivity and has the same conductivity type in terms of 
simplicity and easiness of a method of manufacturing thereof. 

In the semiconductor device with the above conventional 
structure, since an enhancement type NMOS (hereinafter referred 
to as E-type NMOS) with a voltage of approximately 0.7 V that is 
a standard threshold voltage has a gate electrode comprised of 
N+polycrystalline silicon, a channel is a surface channel formed 
on a surface of a semiconductor substrate in accordance with the 
relationship of working functions of the gate electrode and the 
semiconductor substrate. On the other hand, in an enhancement type 
PMOS (hereinafter referred to as E-type PMOS) with a voltage of 
approximately -0.7V that is a standard threshold voltage, a channel 
is a buried channel somewhat formed in an inner side from the surface 
of the semiconductor substrate' in accordance with the relationship 
of working functions of the gate electrode comprised of 
N+polycrystalline silicon and the N-well. 

In the buried channel E-type PMOS, in the case where the 
threshold voltage is set to, for example, -0.5 V or more for low 
voltage operation, a sub-threshold characteristic, which is one 
index of low voltage operation of a MOS transistor, extremely 
deteriorates, and thus, a leak current at the time of off of the 



PMOS increases. As a result, consumption current at the time of 
waiting of the semiconductor device remarkably increases. Thus, 
there is a problem in that it is difficult to apply the semiconductor 
device to portable apparatuses typified by a portable telephone 
and a portable terminal which are greatly demanded in recent years 
and of which market is predicted that it will further develop in 
the future. 

As technical means for attaining the above-described problems, 
both the low voltage operation and the low consumption current, 
the homopolar gate technique is generally known, in which the 
conductivity type of an NMOS gate electrode is set as N-type and 
the conductivity type of a PMOS gate electrode is set as P-type. 
In this case, both the E-type NMOS and the E-type PMOS are surface 
channel MOS transistors, and therefore, the lowering of the 
threshold voltage does not lead to the extreme deterioration of 
a sub-threshold coefficient. Thus, the low voltage operation and 
the low power consumption are possible. 

However, the homopolar gate CMOS has a problem in that 
increases of the number of steps, the manufacturing cost, and the 
manufacturing period are caused in comparison with the CMOS in which 
the gate electrode is only N+polycrystalline silicon monopole since 
the gate polarities are separately formed for the NMOS and PMOS 
in the manufacturing process. 

Further, a reference voltage circuit is given as an important 
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element circuit constituting a power management semiconductor 
device such as VD, VR and SWR. The reference voltage circuit always 
outputs a constant voltage from an output terminal with respect 
to the electric potential of a low voltage supply terminal 
irrespective of the electric potential of a high voltage supply 
terminal. The reference voltage circuit is constituted of an 
E-type NMOS and a depletion type NMOS (hereinafter referred to as 
D-type NMOS) with series connection in many cases . In the case where 
the polarity of the gate electrode is N-type, the E-type NMOS is 
a surface channel while the D-NMOS is a buried channel in accordance 
with the relationship of working functions of the gate and the well 
or substrate. As an important characteristic of the reference 
voltage circuit, there is given a small change of an output voltage 
to a change of temperature. However, the threshold voltage of MOS 
and the degree of change to the temperature change of mutual 
conductance are largely different between the surface channel and 
the buried channel. As a result, the reference voltage circuit has 
a problem in that it is difficult to reduce the change of an output 
voltage to the temperature change. 

SUMMARY OF THE INVENTION 
The present invention has been made in view of the above, and 
an object of the present invention is therefore to provide a 
structure that enables the materialization of a power management 
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semiconductor device or an analog semiconductor device in which 
the low cost, short manufacturing period, low voltage operation 
and low power consumption are attained. 

In order to solve the above-mentioned problems, the present 
invention employs the following measures. 

According to the present invention, there is provided a 
complementary MOS semiconductor device having an N-channel MOS 
transistor, a P-channel MOS transistor and a resistor, 
characterized in that a conductivity type of a gate electrode of 
the N-channel MOS transistor is P-type, and a conductivity type 
of a gate electrode of the P-channel MOS transistor is P-type. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the P-type gate electrode of the N-channel MOS transistor and the 
P-type gate electrode of the P-channel MOS transistor each comprise 
a single layer of first polycrystalline silicon having a film 
thickness in a range of 2000 A to 6000 A and including boron or 
BF ? with an impurity concentration of 1 x 10 19 atoms/cm 3 or more. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the P-type gate electrode of the N-channel MOS transistor and the 
P-type gate electrode of the P-channel MOS transistor each have 
a polycide structure comprising a lamination of first 
polycrystalline silicon having a film thickness in a range of 1000 



A to 4000 A and including boron or BF 2 with an impurity concentration 
of 1 x 10 19 atoms/cm 3 or more and first high melting point metal 
silicide selected from the group consisting of molybdenum silicide, 
tungsten silicide, titanium silicide, and platinum silicide, with 
a film thickness in a range of 500 A to 2500 A. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the resistor is polycrystalline silicon formed in the same layer 
and has the same film thickness range as the first polycrystalline 
silicon constituting the gate electrode. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the resistor is second polycrystalline silicon having a film 
thickness in a range of 500 A to 2000 A. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the resistor is a thin film metal transistor formed from one selected 
from the group consisting of Ni-Cr alloy, Cr-SiO alloy, molybdenum 
silicide, and (B-ferrite silicde and has a film thickness in a range 
of 100 A to 300 A. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the resistor comprising the first or the second polycrystalline 
silicon contains phosphorous or arsenic with an impurity 
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concentration of 1 x 10 u to 9 x 10 ie atoms/cm 3 and includes a first 
N_ t yp e transistor of a relatively low concentration having a sheet 
resistance in an order of several kQ/square to several tens of 
kQ/square . 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the resistor comprising the first or the second polycrys talline 
silicon contains phosphorous or arsenic with an impurity 
concentration of 1 x 10 19 atoms/cm 3 or more and includes a second 
N-type transistor of a relatively high concentration having a sheet 
resistance in an order of about 100 fi/square to several hundreds 
of Q/square and a temperature coefficient in an order of several 
hundreds of ppm/°C to about 1000 ppm/°C. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the resistor comprising the first or the second polycrystalline 
silicon contains boron or BF 2 with an impurity concentration of 1 
x 10 14 to 9 x 10 18 atoms/cm 3 and includes a first P-type transistor 
of a relatively low concentration having a sheet resistance in an 
order of several kQ/square to several tens of kQ/square. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the resistor comprising the first or the second polycrystalline 
silicon contains boron or BF 2 with an impurity concentration of 1 



7 



x 10 19 atoms/cm 3 or more and includes a second P-type transistor of 
a relatively high concentration having a sheet resistance in an 
order of several hundreds of Q/square to about 1 kQ/square and a 
temperature coefficient in an order of several hundreds of ppm/°C 
to about 1000 ppm/°C. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the N-channel MOS transistor and the P-channel MOS transistor 
include a MOS transistor having a first structure of a single drain 
structure comprising a diffusion layer with a high impurity 
concentration in which a source and a drain overlap the P-type gate 
electrode in a planar manner. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the N-channel MOS transistor and the P-channel MOS transistor 
include a MOS transistor having a second structure comprising a 
diffusion layer with a low impurity concentration in which only 
the drain side thereof overlaps the P-type gate electrode in a planar 
manner or both the source and drain sides thereof overlap the P-type 
gate electrode in the planar manner and a diffusion layer with a 
high impurity concentration in which only the drain side thereof 
does not overlap the P-type gate electrode in the planar manner 
or both the source and drain sides thereof do not overlap the P-type 
gate electrode in the planar manner. 



8 



Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the N-channel MOS transistor and the P-channel MOS transistor 
include a MOS transistor having a third structure comprising a 
diffusion layer with a low impurity concentration in which only 
the drain side thereof overlaps the P-type gate electrode in a planar 
manner or both the source and drain side thereof overlap the P-type 
gate electrode in the planar manner and a diffusion layer with a 
high impurity concentration in which only the drain side thereof 
does not overlap the P-type gate electrode in the planar manner 
or both the source and drain sides thereof do not overlap the P-type 
gate electrode in the planar manner, and an insulating film between 
the diffusion layer with a high impurity concentration and the 
P-type gate electrode has a film thickness thicker than that of 
a gate insulating film. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the N-channel MOS transistor and the P-channel MOS transistor 
include a MOS transistor having a fourth structure comprising a 
diffusion layer with a high impurity concentration in which both 
the source and the drain overlap the P-type gate electrode in a 
planar manner and a diffusion layer with a low impurity 
concentration in which only the drain side thereof or both the source 
and drain sides thereof diffuse further on the channel side to 
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overlap the P-type gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that, 
in the N-channel MOS transistor, a channel in which a threshold 
voltage is in enhancement is a buried channel. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that, 
in the P-channel MOS transistor, a channel in which a threshold 
voltage is in enhancement is a surface channel. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the low impurity concentration diffusion layers in the second 
structure MOS transistor, the third structure MOS transistor and 
the fourth structure MOS transistor use arsenic or phosphorous as 
an impurity with an impurity concentration of 1 x 10 16 to 1 x 10 18 
atoms/cm 3 in the N-channel MOS transistor and use boron or BF 2 as 
the impurity with an impurity concentration of 1 x 10 16 to 1 x 10 18 
atoms/cm 3 in the P-channel MOS transistor,, and the high impurity 
concentration diffusion layers in the first structure MOS 
transistor, the second structure MOS transistor, the third 
structure MOS transistor and the fourth structure MOS transistor 
use arsenic or phosphorous as the impurity with an impurity 
concentration of 1 x 10 16 to 1 x 10 18 atoms/cm 3 or more in the N- 
channel MOS transistor and uses boron or BF 2 as the impurity with 
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an impurity concentration of 1 x 10 16 to 1 x 10 18 atoms/cm 3 or more 
in the P-channel MOS transistor. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate ; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

selectively doping a low concentration N-type impurity into 
the first polycrystalline silicon film to form a first N-type region 
in the first polycrystalline silicon film; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type region 
in the first polycrystalline silicon film; 

doping a low concentration P-type impurity into an entire 
region of the first polycrystalline silicon film to form a second 
P-type region in the first polycrystalline silicon film; 
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forming a first insulating film on the first polycrys talline 
silicon film; 

patterning the first insulating film and the first 
polycrystalline silicon film to form a gate electrode and a wiring 
formed of the first P-type polycrystalline silicon region and a 
resistor formed of the first N-type polycrystalline silicon region 
and the second P-type polycrystalline silicon region; 

selectively removing the first insulating film on the 
resistor; 

doping a high concentration N-type impurity into regions that 
become a source and a drain of the N-channel MOS transistor and 
a part or an entire region of the resistor formed of the first N-type 
polycrystalline silicon region; and 

doping a high concentration P-type impurity into regions that 
become a source and a drain of the P-channel MOS transistor and 
a part or an entire region of the resistor formed of the second 
P-type polycrystalline silicon region. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate ; 

forming an element isolating region on the semiconductor 
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substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

doping a high concentration P-type impurity into an entire 
region of the first polycrystalline silicon film to form a first 
P-type region of a first polycrystalline silicon film; 

forming a high melting point metal silicide film on the first 
polycrystalline silicon film; 

forming a first insulating film on the high melting point metal 
silicide film; 

patterning the first insulating film, the high melting point 
metal silicide film and the first polycrystalline silicon film of 
the first P-type region to form a gate electrode and a wiring; 

forming a fourth insulating film on the semiconductor 
substrate ; 

forming a second polycrystalline silicon film on the fourth 
insulating film; 

selectively doping a low concentration N-type impurity into 
the second polycrystalline silicon film to form a first N-type 
region in the second polycrystalline silicon film; 

doping a low concentration P-type impurity into an entire 
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region of the second polycrystalline silicon film to form a second 
P-type region in the second polycrystalline silicon film; 

patterning the second polycrystalline silicon film to form 
a resistor; 

doping a high concentration N-type impurity into regions that 
become a source and a drain of the N-channel MOS transistor and 
a part or an entire region of the resistor formed of the first N-type 
polycrystalline silicon region; and 

doping a high concentration P-type impurity into regions that 
become a source and a drain of the P-channel MOS transistor and 
a part or an entire region of the resistor formed of the second 
P-type polycrystalline silicon region. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 
doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrystalline silicon film on the 
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semiconductor substrate; 

doping a high concentration P-type impurity into an entire 
region of the first polycrystalline silicon film to form a first 
P-type region of a first polycrystalline silicon film; 

forming a high melting point metal film on the first 
polycrystalline silicon film; 

performing heat treatment for the high melting point metal 
film, which contacts to the first polycrystalline silicon film, 
to obtain a high melting point metal silicide film; 

forming a first insulating film on the high melting point metal 
silicide film; 

patterning the first insulating film, the high melting point 
metal silicide film and the first polycrystalline silicon film of 
the first P-type region to form a gate electrode and a wiring; 

forming a fourth insulating film on the semiconductor 
substrate ; 

forming a second polycrystalline silicon film on the fourth 
insulating film; 

selectively doping a low concentration N-type impurity into 
the second polycrystalline silicon film to form a first N-type 
region in the second polycrystalline silicon film; 

doping a low concentration P-type impurity into an entire 
region of the second polycrystalline silicon film to form a second 
p_type region in the second polycrystalline silicon film; 
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patterning the second polycrystalline silicon film to form 
a resistor; 

doping a high concentration N-type impurity into regions that 
become a source and a drain of the N-channel MOS transistor and 
a part or an entire region of the resistor formed of the first N-type 
polycrystalline silicon region; and 

doping a high concentration P-type impurity into regions that 
become a source and a drain of the P-channel MOS transistor and 
a part or an entire region of the resistor formed of the second 
P-type polycrystalline silicon region. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate ; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

selectively doping a low concentration N-type impurity into 
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the first polycrystalline silicon film to form a first N-type region 
in the first polycrystalline silicon film; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type region 
in the first polycrystalline silicon film; 

doping a low concentration P-type impurity into an entire 
region of the first polycrystalline silicon film to form a second 
P-type region in the first polycrystalline silicon film; 

forming a first insulating film on the first polycrystalline 
silicon film; 

patterning the first insulating film and the first 
polycrystalline silicon film to form a gate electrode and a wiring 
formed of the first P-type polycrystalline silicon region and a 
resistor formed of the first N-type polycrystalline silicon region 
and the second P-type polycrystalline silicon region; 

selectively doping a low concentration N-type impurity into 
regions that become a source and a drain of the N-channel MOS 
transistor in the semiconductor substrate; and 

doping a low concentration P-type impurity into regions that 
become a source and a drain of the P-channel MOS transistor in the 
semiconductor substrate ; 

depositing a third insulating film on the semiconductor 

substrate ; 

etching the third insulating film by anisotropic dry etching 
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to form a side spacer on a side wall of the first polycrystalline 
silicon film; 

selectively removing the first insulating film on the 
resistor; 

doping a high concentration N-type impurity into regions that 
become a source and a drain of the N-channel MOS transistor and 
a part or an entire region of the resistor formed of the first N-type 
region of the first polycrystalline silicon ; and 

doping a high concentration P-type impurity into regions that 
become a source and a drain of the P-channel MOS transistor and 
a part or an entire region of the resistor formed of the second 
P-type region of the first polycrystalline silicon . 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of : 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 
doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrystalline silicon film on the 
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semiconductor substrate; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type region 
in the first polycrystalline silicon film; 

forming a first insulating film on the first polycrystalline 
silicon f ilm; 

patterning the first insulating film and the first 
polycrystalline silicon film to form a gate electrode and a wiring 
formed of the first P-type polycrystalline silicon region and a 
resistor region formed of the region other than the first P-type 
polycrystalline silicon film region; 

selectively removing the first insulating film on the resistor 
region; 

selectively doping a low concentration N-type impurity into 
regions that become a source and a drain of the N-channel MOS 
transistor and into the polycrystalline silicon film other than 
the first P-type polycrystalline silicon film region to form a low 
concentration N-type source and drain and a first N-type region 
in the first polycrystalline silicon film; 

selectively doping a low concentration P-type impurity into 
regions that become the source and the drain of the P-channel MOS 
transistor and into the first polycrystalline silicon film other 
than the first P-type polycrystalline silicon film region and the 
first N-type polycrystalline silicon film region to form a low 
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concentration P-type source and drain and a second P-type region 
in the first polycrystalline silicon film; 

depositing a third insulating film on the semiconductor 
substrate; 

etching the third insulating film by anisotropic dry etching 
to form a side spacer on a side wall of the first polycrystalline 
silicon film; 

doping a high concentration N-type impurity into regions that 
become the source and the drain of the N-channel MOS transistor 
and a part or an entire region of the resistor formed of the first 
N-type region of the first polycrystalline silicon; and 

doping a high concentration P-type impurity into regions that 
become the source and the drain of the P-channel MOS transistor 
and a part or an entire region of the resistor formed of the second 
P-type region of the first polycrystalline silicon. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 
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doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

doping a high concentration P-type impurity into the first 
polycrystalline silicon film to form a'first P-type polycrystalline 
silicon region; 

forming a first insulating film on the first polycrystalline 
silicon film; 

patterning the first insulating film and the first 
polycrystalline silicon film to form a gate electrode and a wiring 
formed of the first polycrystalline silicon region; 

selectively doping a low concentration N-type impurity into 
regions that become a source and a drain of the N-channel MOS 
transistor in the semiconductor substrate; 

selectively doping a low concentration P-type impurity into 
regions that become the source and the drain of the P-channel MOS 
transistor in the semiconductor device; 

depositing a third insulating film on the semiconductor 
substrate; 

etching the third insulating film by anisotropic dry etching 
to form a side spacer on a side wall of the first polycrystalline 
silicon film; 

forming a second polycrystalline silicon film on the 
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semiconductor substrate; 

selectively doping a low concentration N-type impurity into 
the second polycrystalline silicon film to form a first N-type 
impurity region; 

doping a low concentration P-type impurity into an entire 
region of the second polycrystalline silicon film to form a second 
P-type polycrystalline silicon region; 

patterning the second polycrystalline silicon film to form 
a resistor; 

selectively doping a high concentration N-type impurity into 
regions that become the source and the drain of the N-channel MOS 
transistor and a part or an entire region of the resistor formed 
of the first N-type region of the second polycrystalline silicon; 
and 

selectively doping a high concentration P-type impurity into 
regions that become the source and the drain of the P-channel MOS 
transistor and a part or an entire region of the resistor formed 
of the second P-type region of the second polycrystalline silicon. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 
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forming an element isolating region on the semiconductor 
substrate ; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

selectively doping a low concentration N-type impurity into 
the first polycrystalline silicon film to form a first N-type 
polycrystalline silicon region ; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type 
polycrystalline silicon region; 

doping a low concentration P-type impurity into an entire 
region of the first polycrystalline silicon film to form a second 
P-type polycrystalline silicon regions- 
forming a second insulating film on the first polycrystalline 
silicon f ilm; 

selectively removing the second insulating film on the first 
p- t yp e region of the first polycrystalline silicon films- 
forming a high melting point metal silicide film on the 
semiconductor substrate ; 

selectively removing the high melting point metal silicide 
film on the patterned second insulating film and in the vicinity 
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thereof; 

removing the patterned second insulating film; 

forming a first insulating film on the high melting point metal 
silicide film and the first polycrystalline silicon film; 

patterning the first insulating film, the first 
polycrystalline silicon film and the high melting point metal 
silicide film to form a gate electrode and a wiring formed of a 
lamination layer of the first P-type region of the first 
polycrystalline silicon film and the high melting point metal 
silicide film and a resistor formed of the first N-type region and 
the second P-type region of the first polycrystalline silicon film; 

selectively doping a low concentration N-type impurity into 
regions that become the source and the drain of the N-channel MOS 
transistor in the semiconductor substrate; 

selectively doping a low concentration P-type impurity into 
regions that become the source and the drain of the P-channel MOS 
transistor in the semiconductor substrate; 

depositing a third insulating film on the semiconductor 
substrate ; 

etching the third insulating film by anisotropic dry etching 
to form side spacers on side walls of the first polycrystalline 
silicon film and the high melting point metal silicide film; 

selectively removing the first insulating film on the 
resistor; 
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doping a high concentration N-type impurity into regions that 
become the source and the drain of the N-channel MOS transistor 
and a part or an entire region of the resistor formed of the first 
N-type polycrystalline silicon region; and 

doping a high concentration P-type impurity into regions that 
become the source and the drain of the P-channel MOS transistor 
and a part or an entire region of the resistor formed of the second 
P-type polycrystalline silicon region. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate ; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type 
polycrystalline silicon region; 
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forming a second insulating film on the first polycrystal line 
silicon film; 

selectively removing the second insulating film on the first 
P-type region of the first polycrystalline silicon film; 

forming a high melting point metal silicide film on the 
semiconductor substrate ; 

selectively removing the high melting point metal silicide 
film on the patterned second insulating film and in the vicinity 
thereof ; 

removing the patterned second insulating film; 

forming a first insulating film on the high melting point metal 
silicide film and the first polycrystalline silicon film; 

patterning the first insulating film, the first 
polycrystalline silicon film and the high melting point metal 
silicide film to form a gate electrode and a wiring formed of a 
lamination layer of the first P-type region of the first 
polycrystalline silicon film and the high melting point metal 
silicide film and a resistor region formed of the region other than 
the first P-type region of the first polycrystalline silicon film; 

selectively removing the first insulating film on the resistor 
region ; 

selectively doping a low concentration N-type impurity, into 
regions that become the source and the drain of the N-channel MOS 
transistor and the first polycrystalline silicon film other than 
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the first P-type region to form a low concentration N-type source 
and drain and a first N-type region in the first polycrystalline 
silicon film; 

selectively doping a low concentration P-type impurity into 
regions that become the source and the drain of the P-channel MOS 
transistor and the first polycrystalline silicon film other than 
the first P-type region and the first N-type region to form a low 
concentration P-type source and drain and a second P-type region 
in the first polycrystalline silicon film; 

depositing a third insulating film on the semiconductor 
substrate; 

etching the third insulating film by anisotropic dry etching 
to form side spacers on side walls of the first polycrystalline 
silicon film and the high melting point metal silicide film; 

doping a high concentration N-type impurity into regions that 
become the source and the drain of the N-channel MOS transistor 
and a part or an entire region of the resistor formed of the first 
N-type polycrystalline silicon region; and 

doping a high concentration P-type impurity into regions that 
become the source and the drain of the P-channel MOS transistor 
and a part or an entire region of the resistor formed of the second 
P-type polycrystalline silicon region. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
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comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and' a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate ; 

forming a first polycrystal line silicon film on the 
semiconductor substrate; 

selectively doping a low concentration N-type impurity into 
the first polycrystalline silicon film to form a first N-type 
polycrystalline silicon region; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type 
polycrystalline silicon region; 

doping a low concentration P-type impurity into an entire 
region of the first polycrystalline silicon film to form a second 
P-type polycrystalline silicon region; 

forming a second insulating film on the first polycrystalline 
silicon film; 

selectively removing the second insulating film on the first 
P-type region of the first polycrystalline silicon film; 
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forming a high melting point metal silicide film on the 
semiconductor substrate; 

performing heat treatment for the high melting point metal 
film, which contacts to the first polycrystalline silicon film, 
to obtain a high melting point metal silicide film; 

selectively .removing non-reacted high melting point metal 
silicide film on the second insulating film; 

removing the patterned second insulating film; 

forming a first insulating film on the high melting point metal 
silicide film and the first polycrystalline silicon film; 

patterning the first insulating film, the first 
polycrystalline silicon film and the high melting point t metal 
silicide film to form a gate electrode and a wiring formed of a 
lamination layer of the first P-type region of the first 
polycrystalline silicon film and the high melting point metal 
silicide film and a resistor formed of the first N-type region and 
the second P-type region of the first polycrystalline silicon film; 

selectively doping a low concentration N-type impurity into 
regions that become the source and the drain of the N-channel MOS 
transistor in the semiconductor substrate; 

selectively doping a low concentration P-type impurity into 
regions that become the source and the drain of the P-channel MOS 
transistor in the semiconductor substrate; 

depositing a. third insulating film on the semiconductor 
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substrate ; 

etching the third insulating film by anisotropic dry etching 
to form side spacers on side walls of the first polycrystalline 
silicon film and the high melting point metal silicide film; 

selectively removing the first insulating film on the 
resistor; 

doping a high concentration N-type impurity into regions that 
become the source and the drain of the N-channel MOS transistor 
and a part or an entire region of the resistor formed of the first 
N-type polycrystalline silicon region; and 

doping a high concentration P-type impurity into regions that 
become the source and the drain of the P-channel MOS transistor 
and a part or an entire region of the resistor formed of the second 
P-type polycrystalline silicon region. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising . the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 
doping an impurity for controlling a threshold value into the 
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semiconductor substrate; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type 
polycrystalline silicon region; 

forming a second insulating film on the first polycrystalline 
silicon film; 

selectively removing the second insulating film on the first 
P-type region of the first polycrystalline silicon film; 

forming a high melting point metal silicide film on the 
semiconductor substrate; 

performing heat treatment for the high melting point metal 
film, which contacts to the first polycrystalline silicon film, 
to obtain a high melting point metal silicide film; 

selectively removing non-reacted high melting point metal 
silicide film on the second insulating film; 

removing the patterned second insulating film; 

forming a first insulating film on the high melting point metal 
silicide film and the first polycrystalline silicon film; 

patterning the first insulating film, the first 
polycrystalline silicon film and the high melting point metal 
silicide film to form a gate electrode and a wiring formed of a 
lamination layer of the first P-type region of the first 
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polycrystalline silicon film and the high melting point metal 
silicide film and a resistor region formed of the region other than 
the first P-type region of the first polycrystalline silicon film; 

selectively removing the first insulating film on the resistor 
region; 

selectively doping a low concentration N-type impurity into 
regions that become the source and the drain of the N-channel MOS 
transistor and the first polycrystalline silicon film other than 
the first P-type region to form a low concentration N-type source 
and drain and a first N-type region in the first polycrystalline 
silicon film; 

selectively doping a low concentration P-type impurity into 
regions that become the source and the drain of the P-channel MOS 
transistor and the first polycrystalline silicon film other than 
the first P-type region and the first N-type region to form a low 
concentration P-type source and drain and a second P-type region 
in the first polycrystalline silicon film; 

depositing a third insulating film on the semiconductor 
substrate; 

etching the third insulating film by anisotropic dry etching 
to form side spacers on side walls of the first polycrystalline 
silicon film and the high melting point metal silicide film; 

doping a high concentration N-type impurity into regions that 
become the source and the drain of the N-channel MOS transistor 
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and a part or an entire region of the resistor formed of the first 
N-type polycrystalline silicon region; and 

doping a high concentration P-type impurity into regions that 
become the source and the drain of the P-channel MOS transistor 
and a part or an entire region of the resistor formed of the second 
P-type polycrystalline silicon region. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

doping a high concentration P-type impurity into an entire 
region of the first polycrystalline silicon film to form a first 
P-type region in the first polycrystalline silicon film; 

forming a high melting point metal silicide film on the first 
polycrystalline silicon film; 
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forming a first insulating film on the high melting point metal 
silicide film; 

patterning the first insulating film, the high melting point 
metal silicide film and the first polycrystalline silicon film of 
the first P-type region to form a gate electrode and a wiring; 

selectively doping a low concentration N-type impurity into 
regions that become the source and the drain of the N-channel MOS 
transistor in the semiconductor substrate; 

selectively doping a low concentration P-type impurity into 
regions that become the source and the drain of the P-channel MOS 
transistor in the semiconductor substrate; 

depositing a third insulating film on the semiconductor 
substrate; 

etching the third insulating film by anisotropic dry etching 
to form side spacers on side walls of the first polycrystalline 
silicon film and the high melting point metal silicide film; 

forming a second polycrystalline silicon film on the 
semiconductor substrate ; 

selectively doping a low concentration N-type impurity into 
the second polycrystalline silicon film to form a first N-type 
polycrystalline silicon region; 

doping a low concentration P-type impurity into an entire 
region of the second polycrystalline silicon film to form a second 
P-type polycrystalline silicon region; 
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patterning the second polycrystalline silicon film to form 
a resistor; 

selectively doping a high concentration N-type impurity into 
regions that become the source and the drain of the N-channel MOS 
transistor and a part or an entire region of the resistor formed 
of the first N-type region of the second polycrystalline silicon 
region; and 

selectively doping a high concentration P-type impurity into 
regions that become the source and the drain of the P-channel MOS 
transistor and a part or an entire region of the resistor formed 
of the second P-type region of the second polycrystalline silicon. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

* * forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate ; 

forming a gate insulating film on the semiconductor substrate; 
doping an impurity for controlling a threshold value into the 
" semiconductor substrate- 
forming a first polycrystalline silicon film on the 

semiconductor substrate ; 
m 
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doping a high concentration P-type impurity into an entire 
region of the first polycrystalline silicon film to form a first 
p- t ype region in the first polycrystalline silicon film; 

forming a high melting point metal film on the first 
polycrystalline silicon film; 

performing heat treatment for the high melting point metal 
film, which contacts to the first polycrystalline silicon film, 
to obtain a high melting point metal silicide film; 

forming a first insulating film on the high melting point metal 
silicide film; 

patterning the first insulating film, the high melting point 
metal silicide film and the first polycrystalline silicon to form 
a gate electrode and a wiring; 

selectively doping a low concentration N-type impurity into 
regions that become the source and the drain of the N-channel MOS 
transistor in the semiconductor substrate; 

selectively doping a low concentration P-type impurity into 
regions that become the source and the drain of the P-channel MOS 
transistor in the semiconductor substrate; 

depositing a third insulating film on the semiconductor 
substrate ; 

etching the third insulating film by anisotropic dry etching 
to form side spacers on side walls of the first polycrystalline 
silicon film and the high melting point metal silicide film; 
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forming a second polycrystalline silicon film on the 
semiconductor substrate; 

selectively doping a low concentration N-type impurity into 
the second polycrystalline silicon film to form a first N-type 
polycrystalline silicon region; 

doping a low concentration P-type impurity into an entire 
region of the second polycrystalline silicon film to form a second 
P-type polycrystalline silicon region; 

patterning the second polycrystalline silicon film to form 
a resistor; 

selectively doping a high concentration N-type impurity into 
regions that become the source and the drain of the N-channel MOS 
transistor and a part or an entire region of the resistor formed 
of the first N-type region of the second polycrystalline silicon 
region; and 

selectively doping a high concentration P-type impurity into 
regions that become the source and the drain of the P-channel MOS 
transistor and a part or an entire region of the resistor formed 
of the second P-type region of the second polycrystalline silicon. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
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substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

selectively doping a low concentration N-type impurity into 
the first polycrystalline silicon film to form a first N-type 
polycrystalline silicon region; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type 
polycrystalline silicon region in the first polycrystalline silicon 
film; 

doping a low concentration P-type impurity into an entire 
region of the first polycrystalline silicon film to form a second 
p_ t yp e polycrystalline silicon region in the first polycrystalline 
silicon film; 

patterning the first polycrystalline silicon film to form a 
gate electrode and a wiring formed of the first P-type region of 
the first polycrystalline silicon film and a resistor formed of 
the first N-type region and the second P-type region of the first 
polycrystalline silicon film; 



38 



doping a low concentration N-type impurity into the 
semiconductor substrate so that a source and a drain overlap a gate 
electrode of the N-channel MOS transistor in a planar manner 

selectively doping a low concentration P-type impurity into 
the semiconductor substrate so that both a source and a drain or 
only the drain side thereof overlap a gate electrode of the P- 
channel MOS transistor in the planar manner; 

selectively doping a high concentration N-type impurity into 
a part or an entire region of the resistor formed of the first N-type 
region of the first polycrystalline silicon film and the source 
and drain ' regions not overlapping the gate electrode of the N- 
channel MOS transistor in a planer manner; and 

selectively doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
P-type region of the first polycrystalline silicon film and the 
region where both the source and the drain do not overlap the gate 
electrode of the P-channel MOS transistor in a planer manner or 
the region where the source side thereof overlaps the gate electrode 
in the planar manner and only the drain side thereof does not overlap 
the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device 
Further, according to the present invention, there is provided a, 
comprising the steps of: 
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forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate ; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type 
polycrystalline silicon region in the first polycrystalline silicon 
film; 

patterning the first polycrystalline silicon film to form a 
gate electrode and a wiring formed of the first P-type region of 
the first polycrystalline silicon film and a resistor formed of 
the region other than the first P-type region of the first 
polycrystalline silicon film; 

selectively doping a low concentration N-type impurity into 
the first polycrystalline silicon film other than the semiconductor 
substrate and the first P-type region where the source and the drain 
overlap the gate electrode of the N-channel MOS transistor in a 
planer manner to form first N-type regions in the low concentration 
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N-type source and drain and the first polycrystalline silicon film; 

selectively doping a low concentration P-type impurity into 
the first polycrystalline silicon film other than the semiconductor 
substrate, the first P-type region and the second N-type region 
where both the source and the drain or only the drain side thereof 
overlaps the gate, electrode of the P-channel MOS transistor in a 
planer manner to form second P-type regions in the low concentration 
source and drain or only drain of the P-channel MOS transistor and 
the first polycrystalline silicon film; 

selectively doping a high concentration N-type impurity into 
a part or an entire region of the resistor formed of the first N-type 
region of the first polycrystalline silicon film and the source 
and drain regions not overlapping the gate electrode of the N- 
channel MOS transistor in a planer manner; and 

selectively doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
P-type region of the first polycrystalline silicon film and the 
region where both the source and the drain do not overlap the gate 
electrode of the P-channel MOS transistor in a planer manner or 
the region where the source side thereof overlaps the gate electrode 
in the planar manner and only the drain side thereof does not overlap 
the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
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comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate ; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

doping a high concentration P-type impurity into the first 
polycrystalline silicon film to form a first P-type polycrystalline 
silicon region in the first polycrystalline silicon film; 

patterning the first polycrystalline silicon film to form a 
gate electrode and a wiring formed of the first P-type region; 

forming a fourth insulating film on the semiconductor 
substrate; 

forming a second polycrystalline silicon film on the 
semiconductor substrate ; 

selectively doping a low concentration N-type impurity into 
the second polycrystalline silicon film to form a first N-type 
region in the second polycrystalline silicon film; 

doping a low concentration P-type impurity into an entire 
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region of the second polycrystalline silicon film to form a second 
P-type region in the second polycrystalline silicon film; 

patterning the second polycrystalline silicon film to form 
a resistor; 

doping a low concentration N-type impurity into the 
semiconductor substrate so that the source and the drain overlap 
the gate electrode of the N-channel MOS transistor in a planar 
manner; 

doping a low concentration P-type impurity into the 
semiconductor substrate so that both the source and the drain or 
only the drain side thereof overlap the gate electrode of the 
P-channel MOS transistor in the planar manner; 

selectively doping a high concentration N-type impurity into 
a part or an entire region of the resistor formed of the first N-type 
region of the second polycrystalline silicon film and the source 
and drain regions not overlapping the gate electrode of the N- 
channel MOS transistor in a planer manner; and 

selectively doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
P-type region of the second polycrystalline silicon film and the 
region where both the source and the drain do not overlap the gate 
electrode of the P-channel MOS transistor in a planer manner or 
the region where the source side thereof overlaps the gate electrode 
in the planar manner and only the drain side thereof does not overlap 
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the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate ; 

forming a first polycrystalline silicon film on the 
semiconductor substrate ; 

doping a high concentration P-type impurity into the first 
polycrystalline silicon film to form a first P-type polycrystalline 
silicon region in the first polycrystalline silicon film; 

patterning the first polycrystalline silicon film to form a 
gate electrode and' a wiring formed of the first P-type region; 

forming a fourth insulating film on the semiconductor 
substrate; 

forming a second polycrystalline silicon film on the 
semiconductor substrate; 

patterning the second polycrystalline silicon film to form 
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a resistor; 

selectively doping a low concentration N-type impurity into 
the region where source and the drain overlap the gate electrode 
of the N-channel MOS transistor in a planer manner and the second 
polycrystalline silicon film to simultaneously form first N-type 
regions in the low concentration source and drain of the N-channel 
MOS transistor and the second polycrystalline silicon film; 

selectively doping a low concentration P-type impurity into 
the region where both the source and the drain or only the drain 
side thereof overlaps the gate electrode of the P-channel MOS 
transistor in a planer manner and the second polycrystalline silicon 
film to simultaneously form second P-type regions in the low 
concentration source and drain or drain of the P-channel MOS 
transistor and the second polycrystalline silicon film; 

selectively doping a high concentration N-type impurity into 
a part or an entire region of the resistor formed of the first N-type 
region of the second polycrystalline silicon film and the source 
and drain regions not overlapping the gate electrode of the N- 
channel MOS transistor in a planer manner; and 

selectively doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
p- t yp e region of the second polycrystalline silicon film and the 
region where both the source and the drain do not overlap the gate 
electrode of the P-channel MOS transistor in a planer manner or 
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the region where the source side thereof overlaps the gate electrode 
in a planar manner and only the drain side thereof does not overlap 
the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate ; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

selectively doping a low concentration N-type impurity into 
the first polycrystalline silicon film to form a first N-type 
polycrystalline silicon region in the first polycrystalline silicon 
film; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type 
polycrystalline silicon region in the first polycrystalline silicon 
f ilm; 
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doping a low concentration P-type impurity into an entire 
region of the first polycrystalline silicon film to form a second 
P-type polycrystalline silicon region in the first polycrystalline 
silicon film; 

forming a second insulating film on the first polycrystalline 
silicon film; 

selectively removing the second insulating film on the first 
p_ type region of the first polycrystalline silicon film; 

forming a high melting point metal silicide film on the 
semiconductor substrate ; 

selectively removing the high melting point silicide film on 
the patterned second insulating film and in the vicinity thereof; 

removing the patterned second insulating film; 

patterning the first polycrystalline silicon film and the high 
melting point metal silicide film to form a gate electrode and a 
wiring formed of a lamination layer of the first P-type region of 
the first polycrystalline silicon film and the high melting point 
metal silicide film and a resistor region formed of the first N-type 
region of the first polycrystalline silicon film and the second 

P-type region; 

doping a low concentration N-type impurity into the 
semiconductor substrate so that the source and the drain overlap 
the gate electrode of the N-channel type MOS transistor in the planar 
manner; 



47 



doping a low concentration P-type impurity into the 
semiconductor substrate so that both the source and the drain or 
only the drain side thereof overlaps the gate electrode of the P-type 
MOS transistor in the planar manner; 

selectively doping a high concentration N-type impurity into 
a part or an entire region of the resistor formed of the first N-type 
region of the first polycrystalline silicon film and the source 
and drain regions not overlapping the gate electrode of the N- 
channel MOS transistor in the planer manner; and 

selectively doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
P-type region of the first polycrystalline silicon film and the 
region where both the source and the drain do not overlap the gate 
electrode of the P-channel MOS transistor in a planer manner or 
the region where the source side thereof overlaps the gate electrode 
in a planar manner and only the drain side thereof does not overlap 
the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
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substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate ; 

forming a first polycrystalline silicon film on the 
semiconductor substrate ; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type region 
in the first polycrystalline silicon film; 

forming a second insulating film on the first polycrystalline 
silicon film; 

selectively removing the second insulating film on the first 
p- t yp e region of the first polycrystalline silicon film; 

forming a high melting point metal silicide film on the 
semiconductor substrate ; 

selectively removing the high melting point silicide film on 
the patterned second insulating film and in the vicinity thereof; 

removing the patterned second insulating film; 

patterning the first polycrystalline silicon film and the high 
melting point metal silicide film to form a gate electrode and a 
wiring formed of a lamination layer of the first P-type region of 
the first polycrystalline silicon film and the high melting point 
metal silicide film and a resistor region formed of the region other 
than the first P-type region of the first polycrystalline silicon 
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film; 

selectively doping a low concentration N-type impurity into 
the region where the source and the drain overlap the gate electrode 
of the N-channel MOS transistor in a planer manner and the first 
polycrystalline silicon film other than the first P-type region 
to simultaneously. form first N-type regions in the low concentration 
source and drain of the N-channel MOS transistor and the first 
polycrystalline silicon film; 

selectively doping a low concentration P-type impurity into 
the region where both the source and the drain or only the drain 
side thereof overlaps the gate electrode of the P-channel MOS 
transistor in a planer manner and the first polycrystalline silicon 
film other than the first P-type region and the first N-type region 
to simultaneously form second P-type regions in the low 
concentration source and drain or only drain of the P-channel MOS 
transistor and the first polycrystalline silicon film; 

selectively doping a high concentration N-type impurity into 
a part or an entire region of the resistor formed of the first N-type 
region of the first polycrystalline silicon film and the source 
and drain regions not overlapping the gate electrode of the N- 
channel MOS transistor in the planer manner; and 

selectively doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
P-type region of the first polycrystalline silicon film and the 
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region where both the source and the drain do not overlap the gate 
electrode of the P-channel MOS transistor in a planer manner or 
the region where the source side thereof overlaps the gate electrode 
in a planar manner and only the drain side thereof does not overlap 
the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of : 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

selectively doping a low concentration N-type impurity into 
the first polycrystalline silicon film to form a first N-type region 
in the first polycrystalline silicon film; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type 
polycrystalline silicon region in the first polycrystalline silicon 
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f ilm; 

doping a low concentration P-type impurity into an entire 
region of the first polycrystalline silicon film to form a second 
P-type polycrystalline silicon region in the first polycrystalline 
silicon film; 

forming a second insulating film on the first polycrystalline 
silicon film; 

selectively removing the second insulating film on the first 
P-type region of the first polycrystalline silicon film; 

forming a high melting point metal film on the semiconductor 
substrate; 

performing heat treatment for the high melting point metal 
film, which contacts to the first polycrystalline silicon film, 
to obtain a high melting point metal silicide film; 

selectively removing non-reacted high melting point film on 
the second insulating film; 

removing the patterned second insulating film; 

patterning the first polycrystalline silicon film and the high 
melting point metal film to form a gate electrode and a wiring formed 
of a lamination layer of the first P-type region of the first 
polycrystalline silicon film and the high melting point metal 
silicide film and a resistor region formed of the first N-type region 
of the first polycrystalline silicon film and the second P-type 
region; 
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doping a low concentration N-type impurity into the 
semiconductor substrate so that the source and the drain overlap 
the gate electrode of the N-channel type MOS transistor in the planar 
manner; 

doping a low concentration P-type impurity into the 
semiconductor substrate so that both the source and the drain or 
only the drain side thereof overlaps the gate electrode of the P-type 
MOS transistor in the planar manner; 

selectively doping a high concentration N-type impurity into 
a part or an entire region of the resistor formed of the first N-type 
region of the first polycrystalline silicon film and the source 
and drain regions not overlapping the gate electrode of the N- 
channel MOS transistor in the planer manner; and 

selectively doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
p_ t yp e region of the first polycrystalline silicon film and the 
region where both the source and the drain do not overlap the gate 
electrode of the P-channel. MOS transistor in a planer manner or 
the region where the source side thereof overlaps the gate electrode 
in a planar manner and only the drain side thereof does not overlap 
the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 
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forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrys talline silicon film on the 
semiconductor substrate; 

selectively doping a high concentration P-type impurity into 
the first polycrystalline silicon film to form a first P-type region 
in the first polycrystalline silicon film; 

forming a second insulating film on the first polycrystalline 
silicon film; 

selectively removing the second insulating film on the first 
P-type region of the first polycrystalline silicon film; 

forming a high melting point metal film on the semiconductor 
substrate; 

performing heat treatment for the high melting point metal 
film, which contacts to the first polycrystalline silicon film, 
to obtain a high melting point metal silicide film; 

selectively removing non-reacted high melting point film on 
the second insulating film; 
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removing the patterned second insulating film; 

patterning the first polycrystalline silicon film and the high 
melting point metal silicide film to form a gate electrode and a 
wiring formed of a lamination layer of the first P-type region of 
the first polycrystalline silicon film and the high melting point 
metal silicide film and a resistor region formed of the region other 
than the first P-type region of the first polycrystalline silicon 
film; 

' selectively doping a low concentration N-type impurity into 
the region where the source and the drain overlap the gate electrode 
of the N-channel MOS transistor in a planer manner and the first 
polycrystalline silicon film other than the first P-type region 
to simultaneously form f irst N-type regions in the low concentration 
source and drain of the N-channel MOS transistor and the first 
polycrystalline silicon film; 

selectively doping a low concentration P-type impurity into 
the region where both the source and the drain or only the drain 
side thereof overlaps the gate electrode of the P-channel MOS 
transistor in a planer manner and the first polycrystalline silicon 
film other than the first P-type region and the first N-type region 
to simultaneously form second P-type regions in the low 
concentration source and drain or only drain of the P-channel MOS 
transistor and the first polycrystalline silicon film; 

selectively doping a high concentration N-type impurity into 
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a part or an entire region of the resistor formed of the first N-type 
region of the first polycrystalline silicon film and the source 
and drain regions not overlapping the gate electrode of the N- 
channel MOS transistor in the planer manner; and 

selectively doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
p_ type region of the first polycrystalline silicon film and the 
region where both the source and the drain do not overlap the gate 
electrode of the P-channel MOS transistor in a planer manner or 
the region where the source side thereof overlaps the gate electrode 
in a planar manner and only the drain side thereof does not overlap 
the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate ; 

forming an element isolating region on the semiconductor 
substrate ; 

forming a gate insulating film on the semiconductor substrate; 
doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrystalline silicon film on the 
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semiconductor substrate ; 

doping a high concentration P-type impurity into the first 

polycrystalline silicon film to form a first P-type region in the 

first polycrystalline silicon film; 

forming a high melting point metal silicide film on the first 

polycrystalline silicon film; 

patterning the high melting point metal silicide film and the 

first polycrystalline silicon film to form a gate electrode and 

a wiring formed of a lamination layer of the first P-type region 

of the first polycrystalline silicon film and the high melting point 

metal silicide f Uni- 
forming a fourth insulating film on the semiconductor 

substrate; 

forming a second polycrystalline silicon film on the 
semiconductor substrate ; 

selectively doping a low concentration N-type impurity into 
the second polycrystalline silicon film to form a first N-type 
region in the second polycrystalline silicon film; 

doping a low concentration P-type impurity into an entire 
region of the second polycrystalline silicon film to form a second 
P-type region in the second polycrystalline silicon film; 

patterning the second polycrystalline silicon film to form 
a resistor; 

doping a low concentration N-type impurity into the 
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semiconductor substrate so that a source and a drain overlap a gate 
electrode of the N-channel MOS transistor in the planar manner; 

selectively doping a low concentration P-type impurity into 
the semiconductor substrate so that both a source and a drain or 
only the drain side thereof overlaps a gate electrode of the 
P-channel MOS transistor in the planar manner; 

selectively, doping a high concentration N-type impurity into 
a part or an entire region of the resistor formed of the first N-type 
region of the second polycrystalline silicon film and the source 
and drain regions not overlapping the gate electrode of the N- 
channel MOS transistor in the planer manner; and 

selectively doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
P-type region of the second polycrystalline silicon film and the 
region where both the source and the drain do not overlap the gate 
electrode of the P-channel MOS transistor in a planer manner or 
the region where the source side thereof overlaps the gate electrode 
in the planar manner and only the drain side thereof does not overlap 
the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
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substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

doping a high concentration P-type impurity into the first 
polycrystalline silicon film to form a first P-type region in the 
first polycrystalline silicon film; 

forming a high melting point metal silicide film on the first 
polycrystalline silicon film; 

patterning the high melting point metal silicide film and the 
first polycrystalline silicon film to form a gate electrode and 
a wiring formed of a lamination layer of the first P-type region 
of the first polycrystalline silicon film and the high melting point 
metal silicide film; 

forming a fourth insulating film on the semiconductor 

substrate; 

forming a second polycrystalline silicon film on the 
semiconductor substrate; 

patterning the second polycrystalline silicon film to form 

a resistor; 
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selectively doping a low concentration N-type impurity into 
the region where the source and the drain overlap the gate electrode 
of the N-channel MOS transistor in a planer manner and the second 
polycrystalline silicon film to simultaneously form first N-type 
regions in the low concentration source and drain of the N-channel 
MOS transistor and the second polycrystalline silicon f ilm; 

selectively doping a low concentration P-type impurity into 
the region where both the source and the drain or only the drain 
side thereof overlaps the gate electrode of the P-channel MOS 
transistor in a planer manner and the second polycrystalline silicon 
film to simultaneously form second P-type regions in the low 
concentration source and drain or the drain of the P-channel MOS 
transistor and the second polycrystalline silicon film; 

selectively doping a high concentration N-type impurity into 
a part or an entire region of the resistor formed of the first N-type 
region of the second polycrystalline silicon film and the source 
and drain regions not overlapping the gate electrode of the N- 
channel MOS transistor in the planer- manner; and 

selectively doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
P-type region of the second polycrystalline silicon film and the 
region where both the source and the drain do not overlap the gate 
electrode of the P-channel MOS transistor in a planer manner or 
the region where the source side thereof overlaps the gate electrode 
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in the planar manner and only the drain side thereof does not overlap 
the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate ; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate; 

forming a first polycrystalline silicon film on the 
semiconductor substrate; 

doping a high concentration P-type impurity into the first 
polycrystalline silicon film to form a first P-type region in the 
first polycrystalline silicon film; 

forming a high melting point metal film on the first 
polycrystalline silicon film; 

performing heat treatment for the high melting point metal 
film, which contacts the first polycrystalline silicon film, to 
obtain a high melting point metal silicide film; 

patterning the high melting point metal silicide film and the 
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first polycrystalline silicon film to form a gate electrode and 
a wiring formed of a lamination layer of the first P-type region 
of the first polycrystalline silicon film and the high melting point 
metal silicide film; 

forming a fourth insulating film on the semiconductor 
substrate; 

forming a second polycrystalline silicon film on the 
semiconductor substrate; 

selectively doping a low concentration N-type impurity into 
the second polycrystalline silicon film to form the first N-type 
region in the second polycrystalline silicon film; 

doping a low concentration P-type impurity into an entire 
region of the second polycrystalline silicon film to form a second 
P-type region in the second polycrystalline silicon film; 

patterning the second polycrystalline silicon film to form 
a resistor; 

doping a low concentration N-type impurity into the 
semiconductor substrate so that the source and the drain overlap 
the gate electrode of the N-channel MOS transistor in a planar 
manner; 

doping a low concentration P-type impurity into the 
semiconductor substrate so that both the source and the drain or 
the drain overlaps the gate electrode of the P-channel MOS 
transistor in the planar manner; 
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selectively doping a high concentration N-type impurity into 
a part or an entire region of the resistor formed of the first N-type 
region of the second polycrystalline silicon film and the source 
and drain regions not overlapping the gate electrode of the N- 
channel MOS transistor in the planer manner; and 

selectively .doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
p_ ty pe region of the second polycrystalline silicon film and the 
region where both the source and the drain do not overlap the gate 
electrode of the P-channel MOS transistor in a planer manner or 
the region where the source side thereof overlaps the gate electrode 
in the planar manner and only the drain side thereof does not overlap 
the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 
doping an impurity for controlling a threshold value into the 
semiconductor substrate; 
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forming a first polycrystalline silicon film on the 
semiconductor substrate; 

doping a high concentration P-type impurity into the first 
polycrystalline silicon film to form a first P-type region in the 
first polycrystalline silicon film; 

forming a high melting point metal film on the first 
polycrystalline silicon film; 

performing heat treatment for the high melting point metal 
film, which contacts the first polycrystalline silicon film, to 
obtain a high melting point metal silicide film; 

patterning the high melting point metal silicide film and the 
first polycrystalline silicon film to form a gate electrode and 
a wiring formed of a lamination layer of the first P-type region 
of the first polycrystalline silicon film and the high melting point 
metal silicide film; 

forming a fourth insulating film on the semiconductor 

substrate; 

forming a second polycrystalline silicon film on the 
semiconductor substrate; 

patterning the second polycrystalline silicon film to form 

a resistor; 

selectively doping a low concentration N-type impurity into 
the region where source and the drain overlap the gate electrode 
of the N-channel MOS transistor in a planer manner and the second 



64 



"polycrystalline silicon film to simultaneously form first N-type 
regions in the low concentration source and drain of the N-channel 
MOS transistor and the second polycrystalline silicon film; 

selectively doping a low concentration P-type impurity into 
the region where both the source- and the drain or only the drain 
side thereof overlaps the gate electrode of the P-channel MOS 
transistor in a planer manner and the second polycrystalline silicon 
film to simultaneously form second P-type regions in the low 
concentration source and drain or drain of the P-channel MOS 
transistor and the second polycrystalline silicon film; 

selectively doping a low concentration N-type impurity into 
a part or an entire region of the resistor formed of the first N-type 
region of the second polycrystalline silicon film and the source 
and drain regions not overlapping the gate electrode of the N- 
channel MOS transistor in the planer manner; and 

selectively doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
p_ t yp e region of the second polycrystalline silicon film and the 
region where both the source and the drain do not overlap the gate 
electrode of the P-channel MOS transistor in a planer manner or 
the region where the source side thereof overlaps the gate electrode 
in the planar manner and only the drain side thereof does not overlap 
the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
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a method of manufacturing a complementary MOS semiconductor device, 
comprising the steps of: 

forming wells for defining respective regions of an N-channel 
MOS transistor and a P-channel MOS transistor in a semiconductor 
substrate; 

forming an element isolating region on the semiconductor 
substrate; 

forming a gate insulating film on the semiconductor substrate; 

doping an impurity for controlling a threshold value into the 
semiconductor substrate ; 

forming a first polycrystalline silicon film on the 
semiconductor substrate ; 

doping a high concentration P-type impurity into an entire 
region of the first polycrystalline silicon film to form a first 
P-type region in the first polycrystalline silicon film; 

forming a high melting point metal silicide film on the first 
polycrystalline silicon film; 

forming a first insulating film on the high melting point metal 
silicide film; 

patterning the first insulating film, the high melting point 
metal silicide film and the first polycrystalline silicon film to 
form a gate electrode and a wiring; 

forming a fourth insulating film on the semiconductor 
substrate; 
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forming a second polycrystalline silicon film on the 
semiconductor substrate ; 

selectively doping a low concentration N-type impurity into 
the second polycrystalline silicon film to form a first N-type 
region in the second polycrystalline silicon film; 

doping a low concentration P-type impurity into an entire 
region of the second polycrystalline silicon film to form a second 
p_ type region in the second polycrystalline silicon film; 

patterning the second polycrystalline silicon film to form 
a resistor; 

selectively doping a low concentration N-type impurity into 
the semiconductor substrate so that both a source and a drain or 
only the drain side thereof overlaps the gate electrode of the 
N-channel MOS transistor in a planar manner; 

selectively doping a low concentration P-type impurity into 
the semiconductor substrate so that both the source and the drain 
or only the drain side thereof overlaps the gate electrode of the 
P-channel MOS transistor in the planar manner; 

selectively doping a low concentration N-type impurity into 
a part or an entire region of the resistor formed of the first N-type 
region of the second polycrystalline silicon film and the source 
and drain regions not overlapping the gate electrode of the N- 
channel MOS transistor in the planer manner, or the region where 
the source side thereof overlaps the gate electrode in a planar 
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manner and only the drain side thereof does not overlap the gate 
electrode in the planar manner; and 

selectively doping a high concentration P-type impurity into 
a part or an entire region of the resistor formed of the second 
P-type region of the second polycrystalline silicon film and the 
region where both, the source and the drain do not overlap the gate 
electrode of the P-channel MOS transistor in a planer manner or 
the region where the source side thereof overlaps the gate electrode 
in the planar manner and only the drain side thereof does not overlap 
the gate electrode in the planar manner. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the semiconductor substrate is a P-type semiconductor substrate, 
and regions of the N-channel MOS transistor and the P-channel MOS 
transistor are defined by forming an N-type well, respectively. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the semiconductor substrate is a P-type semiconductor substrate, 
and regions of the N-channel MOS transistor and the P-channel MOS 
transistor are defined by forming an N-type well and a P-type well, 
respectively . 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the semiconductor substrate is an N-type semiconductor substrate, 
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and regions of the N-channel MOS transistor and the P-channel MOS 
transistor are defined by forming a P-type well, respectively. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the semiconductor substrate is an N-type semiconductor substrate, 
and regions of the N-channel MOS transistor and the P-channel MOS 
transistor are defined by forming an N-type well and a P-type well, 
respectively . 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the semiconductor substrate is a P-type 
semiconductor substrate, and regions of the N-channel MOS 
transistor and the P-channel MOS transistor are defined by forming 
an N-type well, respectively. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the semiconductor substrate is a P-type 
semiconductor substrate, and regions of the N-channel MOS 
transistor and the P-channel MOS transistor are defined by forming 
an N-type well and a P-type well, respectively. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the semiconductor substrate is an N-type 
semiconductor substrate, and regions of the N-channel MOS 
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transistor and the P-channel MOS transistor are defined by forming 
a P-type well, respectively. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the semiconductor substrate is an N-type 
semiconductor substrate, and regions of the N-channel MOS 
transistor and the P-channel MOS transistor are defined by forming 
an N-type well and a P-type well, respectively. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the step of forming the element isolating 
region on the semiconductor substrate is performed by a LOCOS 
method . 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the step of forming the element isolating 
region on the semiconductor substrate is performed by a shallow 
trench isolation method . 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the step of doping the impurity for the 
threshold control is performed by an ion injection method, and the 
impurity for the threshold control of the N-channel MOS transistor 
is arsenic or phosphorous . 
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Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the first polycrystalline silicon is formed by a chemical vapor 
deposition method . 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the second polycrystalline silicon is formed by a chemical vapor 
deposition method or a sputtering method. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the first polycrystalline silicon is formed 
by a chemical vapor deposition method. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the second polycrystalline silicon is formed 
by a chemical vapor deposition method or a sputtering method. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the first P-type region of the first 
polycrystalline silicon is formed by an ion injection method using 
boron or BF 2 as an impurity, a pre-deposi tion and drive-in method 
in an electric furnace using boron as an impurity or a molecular 
layer doping method using boron as the impurity. 

Further, according to the present invention, there is provided 
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a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the step of forming the first P-type region 
of the first polycrystalline silicon is performed by a chemical 
vapor deposition method for depositing polycrystalline silicon and 
simultaneously doping boron as an impurity. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the first insulating film is a silicon oxide 
film formed by a chemical vapor deposition method or a thermal 
oxidization method and has a film thickness in a range of 1000 A 
to 2000 A. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the first insulating film is a silicon oxide 
film formed by a chemical vapor deposition method and has a film 
thickness in a range of 1000 A to 2000 A. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that a lower layer of the first insulating film 
is a silicon oxide film formed by a chemical vapor deposition method 
or a thermal oxidization method; an upper layer thereof is formed 
by the chemical vapor deposition method; and a total film thickness 
of the first insulating is in a range of 1000 A to 3000 A. 

Further, according to the present invention, there is provided 
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a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the second insulating film is formed by a 
chemical vapor deposition method and has a film thickness in a range 
of 1000 A to 4000 A. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the third insulating film is a silicon oxide 
film formed by a chemical vapor deposition method and has a total 
film thickness in a range of 2000 A to 6000 A. 

Further, according to the present invention, there is provided 
a complementary MOS semiconductor device, characterized in that 
the high melting point metal silicide is formed by a chemical vapor 
deposition method or a sputtering method. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the high melting point metal silicide is 
formed by a chemical vapor deposition method or a sputtering method. 

Further, according to the present invention, there is provided 
a method of manufacturing a complementary MOS semiconductor device, 
characterized in that the high melting point metal is cobalt or 
titanium formed by a sputtering method and has a film thickness 
in a range of 100 A to 500 A. 

Further, according to the present invention, there is provided 
a semiconductor device, characterized in that, in a reference 
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voltage circuit in which a gate and a drain of an enhancement NMOS 
transistor in which the gate and the drain are short-circuited, 
are connected to a gate and a source of a depletion NMOS transistor 
in which the gate and the source are short-circuited, and the 
connection node is used as an output node, the polarities of gate 
electrodes of the enhancement NMOS transistor and the depletion 
NMOS transistor are a P-type. 

Further, according to the present invention, there is provided 
a semiconductor device, characterized in that, in a reference 
voltage circuit in which a source of an enhancement NMOS transistor 
in which the gate and the drain are short-circuited, is connected 
to a drain of a depletion NMOS transistor in which the gate and 
the source are short-circuited, and the connection node is used 
as an output node, the polarities of gate electrodes of the 
enhancement NMOS transistor and the depletion NMOS transistor are 
a P-type. 

Further, according to the present invention, there is provided 
a semiconductor device, characterized in that, in a reference 
voltage circuit in which a gate and a drain of an enhancement NMOS 
transistor in which the gate and the drain are short-circuited, 
are connected to a source of a depletion NMOS transistor in which 
a gate is short-circuited with a source of the enhancement NMOS 
transistor and the connection node is used as an output node, the 
polarities of gate electrodes of the enhancement NMOS transistor 
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and the depletion NMOS transistor are a P-type. 

Further, according to the present invention, there is provided 
a semiconductor device, characterized in that, in a reference 
voltage circuit in which: a drain of a depletion NMOS transistor 
in which a gate and a source are short-circuited is connected to 
a drain and a gate of a first enhancement PMOS transistor in which 
a source is connected to a power supply; a drain of a second 
enhancement PMOS transistor in which a source is connected to a 
power supply and a gate is connected commonly to the first 
enhancement PMOS transistor is connected to a gate and a drain of 
an enhancement NMOS transistor in which the gate and the drain are 
short-circuited; and the connection node is used as an output node, 
the polarities of gate electrodes of the enhancement NMOS transistor 
and the depletion NMOS transistor are a P-type. 

Further, according to the present invention, there is provided 
a semiconductor device, characterized in that, in a reference 
voltage circuit in which: a drain of a first depletion NMOS 
transistor in which a gate and a source are short-circuited, is 
connected to a gate and a source of a second depletion NMOS 
transistor in which the gate and the source are short-circuited; 
a drain of the second depletion NMOS transistor is connected to 
a power supply; the source of the first depletion NMOS transistor 
is connected to an enhancement NMOS transistor in which a gate and 
a drain are short-circuited; and the connection node is used as 
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an output node, the polarities of gate electrodes of the enhancement 
NMOS transistor, the first depletion NMOS transistor, and the second 
depletion NMOS transistor are a P-type. 

Further, according to the present invention, there is provided 
a semiconductor device, characterized in that, in a reference 
voltage circuit in which: a gate and a drain of an enhancement NMOS 
transistor in which the gate and the drain are short-circuited, 
are connected with a source of a first depletion NMOS transistor 
in which a gate is connected to a source of the enhancement NMOS 
transistor; a drain of the first depletion NMOS transistor is 
connected to a gate and a source of a second depletion NMOS 
transistor in which the gate and the source are short-circuited; 
a drain of the second depletion NMOS transistor is connected to 
a power supply; and the connection node of the drain of the 
enhancement NMOS transistor and the source of the first depletion 
NMOS transistor is used as an output node, the polarities of gate 
electrodes of the enhancement NMOS transistor, the first depletion 
NMOS transistor, and the second depletion NMOS transistor are a 
P-type . 

RRTFF DESCR IPTION OF THF, DRAWINGS 
In the accompanying drawings: 

Fig. 1 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with a first embodiment of the 
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present invention; 

Fig. 2 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with a second embodiment of the 
present invention ; 

Fig- 3 shows a general structure of a positive VR constituted 
of a semiconductor device; 

Fig. 4 is a schematic cross sectional view showing a first 
embodiment of a reference voltage circuit constituted of a 
semiconductor device of the present invention; 

Fig. 5 is a schematic cross sectional view showing a second 
embodiment of a reference voltage circuit constituted of the 
semiconductor device of the present invention; 

Fig. 6 shows an example of a reference voltage circuit 
constituted of the semiconductor device; 

Fig. 7 is an example of a reference voltage circuit constituted 
of the semiconductor device; 

Fig. 8 is an example of a reference voltage circuit constituted 
of the semiconductor device; 

Fig. 9 is an example of a reference voltage circuit constituted 
of the semiconductor device; 

Fig. 10 is an example of a reference voltage circuit 
constituted of the semiconductor device; 

Fig. 11 is an example of a reference voltage circuit 
constituted of the semiconductor device; 
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Fig. 12 is a schematic cross sectional view showing a method 
of manufacturing the CMOS semiconductor device of the first 
embodiment of the present invention; 

Fig. 13 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the first 
embodiment of the present invention; 

Fig. 14 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the first 
embodiment of the present invention; 

Fig. 15 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the first 
embodiment of the present invention; 

Fig. 16 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the first 
embodiment of the present invention; 

Fig. 17 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the first 
embodiment of the present invention; 

Fig. 18 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the first 
embodiment of the present invention; 

Fig. 19 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the first 
embodiment of the present invention; 
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Fig. 20 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the first 
embodiment of the present invention; 

Fig. 21 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the first 
embodiment of the present invention; 

Fig. 22 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with a third embodiment of the 
present invention; 

Fig. 23 is a schematic cross sectional view showing a first 
embodiment of a method of manufacturing the CMOS semiconductor 
device of the third embodiment of the present invention; 

Fig. 24 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the third embodiment of the present invention; 

Fig. 25 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
' device of the third embodiment of the present invention; 

Fig. 26 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the third embodiment of the present invention; 

Fig. 27 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the third embodiment of the present invention; 
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Fig. 28 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the third embodiment of the present invention; 

Fig. 29 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the third embodiment of the present invention; 

Fig. 30 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the third embodiment of the present invention; 

Fig. 31 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the third embodiment of the present invention; 

Fig. 32 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the third embodiment of the present invention; 

Fig. 33 is a schematic cross sectional view showing a second 
embodiment of a method of manufacturing the CMOS semiconductor 
device of the third embodiment of the present invention; 

Fig. 34 is a schematic cross sectional view showing the second 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the third embodiment of the present invention; 

Fig. 35 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with a fourth embodiment of the 
present invention; 
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Fig. 36 is a schematic cross sectional view showing a first 
embodiment of a method of manufacturing the CMOS semiconductor 
device of the fourth embodiment of the present invention; 

Fig. 37 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the fourth embodiment of the present invention; 

Fig. 38 is a schematic cross sectional view showing the first: 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the fourth embodiment of the present invention; 

Fig. 39 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the fourth embodiment of the present invention; 

Fig. 40 is a schematic cross sectional view showing the first 
embodiment of the method' of manufacturing the CMOS semiconductor 
device of the fourth embodiment of the present invention; 

Fig. 41 is a schematic cross sectional ' view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the fourth embodiment of the present invention; 

Fig. 42 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the fourth embodiment of the present invention; 

Fig. 4.3 is a schematic cross sectional view showing a second 
embodiment of a method of manufacturing the CMOS semiconductor 
device of the fourth embodiment of the present invention; 
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Fig. 44 is a schematic cross sectional view showing the second 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the fourth embodiment of the present invention; 

Fig. 45 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with a fifth embodiment of the 
present invention; 

Fig. 4 6 is a schematic cross sectional view showing a method 
of manufacturing the CMOS semiconductor device of the fifth 
embodiment of the present invention; 

Fig. 47 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the fifth 
embodiment of the present invention; 

Fig. 48 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the fifth 
embodiment of the present invention; 

Fig. 49 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the fifth 
embodiment of the present invention; 

Fig. 50 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the fifth 
embodiment of the present invention; 

Fig. 51 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the fifth 
embodiment of the present invention; 
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Fig. 52 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the fifth 
embodiment of the present invention; 

Fig. 53 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the fifth 
embodiment of the present invention; 

Fig. 54 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the fifth 
embodiment of the present invention; 

Fig. 55 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the fifth 
embodiment of the present invention; 

Fig. 56 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the fifth 
embodiment of the present invention; 

Fig. 57 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the fifth 
embodiment of the present invention; 

Fig. 58 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with a sixth embodiment of the 
present invention ; 

Fig. 59 is a schematic cross sectional view showing a first 
embodiment of a method of manufacturing the CMOS semiconductor 
device of the sixth embodiment of the present invention; 
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Fig. 60 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the sixth embodiment of the present invention; 

Fig. 61 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the sixth embodiment of the' present invention; 

Fig. 62 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the sixth embodiment of the present invention; 

Fig. 63 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the sixth embodiment of the present invention; 

Fig. 64 is a schematic cross sectional view showing a second 
embodiment of a method of manufacturing the CMOS semiconductor 
device of the sixth embodiment of the present invention; 

Fig. 65 is a schematic cross sectional view showing the second 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the sixth embodiment of the present invention; 

Fig. 66 is a schematic cross sectional view showing the second 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the sixth embodiment of the present invention; 

Fig. 67 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with a seventh embodiment of 
the present invention; 
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Fig. 68 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with an eighth embodiment of 
the present invention; 

Fig. 69 is a schematic cross sectional view showing a first 
embodiment of a method of manufacturing the CMOS semiconductor 
device of the eighth embodiment of the present invention; 

Fig. 70 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the eighth embodiment of the present invention; 

Fig. 71 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the eighth embodiment of the present invention; 

Fig. 72 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the eighth embodiment of the present invention; 

Fig. 73 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the eighth embodiment of the present invention; 

Fig. 74 is a schematic cross sectional view showing the first 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the eighth embodiment of the present invention; 

Fig. 75 is a schematic cross sectional view showing a second 
embodiment of a method of manufacturing the CMOS semiconductor 
device of the eighth embodiment of the present invention; 
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Fig. 76 is a schematic cross sectional view showing the second 
embodiment of the method of manufacturing the CMOS semiconductor 
device of the eighth embodiment of the present invention; 

Fig. 77 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with a ninth embodiment of the 
present invention ; 

Fig. 78 is a schematic cross sectional view showing a method 
of manufacturing the CMOS semiconductor device of the ninth 
embodiment of the present invention; 

Fig. 79 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the ninth 
embodiment of the present invention; 

Fig. 80 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the ninth 
embodiment of the present invention; 

Fig. 81 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the ninth 
embodiment of the present invention; 

Fig. 82 is a schematic cross sectional view showing the method 
of manufacturing the CMOS semiconductor device of the ninth 
embodiment of the present invention; 

Fig. 83 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with a tenth embodiment of the 
present invention ; 
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Fig. 84 is a schematic cross sectional view showing a method 
of manufacturing the CMOS semiconductor device of the tenth 
embodiment of the present invention; 

Fig. 85 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with an eleventh embodiment of 
the present invention; 

Fig. 86 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with a twelfth embodiment of 
the present invention; 

Fig. 87 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with a thirteenth embodiment 
of the present invention; 

Fig. 88 is a schematic cross sectional view showing a CMOS 
semiconductor device in accordance with a fourteenth embodiment 
of the present invention; 

Fig. 89 is a schematic cross sectional view showing a 
conventional CMOS semiconductor device; 

Fig. 90 is a schematic cross sectional view showing a 
conventional CMOS semiconductor device; and 

Fig. 91 is a schematic cross sectional view showing a 
conventional CMOS semiconductor device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODI MENT 
Hereinafter, embodiments of the present invention are 
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described with reference to the accompanying drawings. 

Fig. 1 is a schematic cross sectional view showing one 
embodiment of a CMOS semiconductor device of the present invention. 
The CMOS semiconductor device is constituted of a CMOS composed 
of an NMOS 113 and a PMOS 112, a P-resistor 114 and an N-resistor 
115, which are formed on a P-type semiconductor substrate 101. In 
the NMOS 113, a gate electrode is formed of a P+polycrystalline 
silicon 107 and a source and a drain have a so-called single drain 
structure, and in the PMOS 112, a gate electrode formed on an N-well 
region 102 is formed from the P+polycrystalline silicon 107 and 
a source and a drain have a single drain structure . The P-resistor 
114 and the N-resistor 115 are used for a voltage dividing circuit 
for dividing a voltage or a CR circuit for setting time constant 
and are formed on a field insulating film 106. The 
P+polycrystalline silicon 107 that forms the gate electrode 
preferably has lower resistance as much as possible, and thus, 
contains an acceptor impurity such as boron or BF 2 with a 
concentration of 1 x 10 19 atoms/cm 3 or more. The resistors 114, 115 
are formed of the same layer of polycrystalline silicon as the gate 
electrode of the CMOS. 

In the PMOS 112, the gate electrode is the P+polycrystalline 
silicon 107, and thus, a channel of an E-type PMOS is a surface 
channel in accordance with the relationship of working functions 
of the N-well 102 and the gate electrode. In the surface channel 



88 



PMOS, the setting of a threshold voltage to, for example, -0.5 V 
or more does not lead to the extreme deterioration of sub- threshold 
coefficient. Thus, the low voltage operation and the low power 
consumption are possible. 

On the other hand, in the NMOS 113, a channel of an E-type 
NMOS is a buried .channel in accordance with the relationship of 
working functions of the gate electrode of the P+polycrystalline 
silicon 107 and the P-type semiconductor substrate 101. Arsenic 
having a small diffusion coefficient can be used as a donor impurity 
for threshold control in the case where a threshold is set to a 
predetermined value, and thus, the channel is an extremely shallow 
buried channel. Therefore, a deterioration of sub- threshold and 
an increase of a leak current are remarkably suppressed in the E-type 
NMOS in comparison with the E-type PMO.S with the gate electrode 
formed of the N+polycrys tall ine silicon and a deep buried channel 
that arises from the requisite usage of boron as the acceptor 
impurity for threshold control having a large diffusion coefficient 
and a large projection range in ion injection even with the setting 
of the threshold voltage to a small value, for example, 0.5 V or 
less . 

With the above description, it will be understood that the 
CMOS of the present invention in which the gate electrode is the 
P+polycrystalline silicon monopole is an effective technique with 
respect to low voltage operation and low power consumption in 



89 



comparison with the conventional CMOS in which the gate electrode 
is the N+polycrystalline silicon electrode. 

Fig. 1 shows both the P-resistor 114 and the N-resistor 115. 
However, there is the case where either the P-resistor 114 or the 
N-resistor 115 is mounted for the purpose of reducing the number 
of steps and cost in consideration of the characteristics of these 
resistors and properties required for products. 

Fig. 2 is a schematic cross sectional view showing a second 
embodiment of a CMOS semiconductor device of the present invention. 

The P+polycrystalline silicon monopole CMOS structure is the 
same as that in the embodiment in Fig. 1, and has the same effects 
as the embodiment in Fig.' 1 of the low voltage operation, low power 
consumption and low cost. However, the difference of the second 
embodiment from the embodiment in Fig. 1 is that resistors comprised 
of polycrystalline silicon are P+resistor 116 and an N-resistor 
117 with a relatively high impurity concentration and with low 
resistance. The P-resistor or the N-resistor in the embodiment of 
Fig. 1 is effective in a resistor circuit such as a voltage dividing 
circuit, which has a relatively high sheet resistance -value and 
in which specific precision is regarded as important. However, in 
the resistor in which absolute value precision is regarded as 
important or the resistor in which a small temperature coefficient 
is required, such as a CR circuit for setting time constant, the 
high impurity concentration and the relatively low resistance lead 
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to an improvement of the absolute value precision and the 
temperature coefficient . 

The formation of the P+resistor 116 and the N+resistor 117 
is attained by simultaneously doping the impurity into 
polycrystalline silicon in the formation of a source and a drain 
of the NMOS and PMOS. In this case, as to the P + resistor 116, boron 
or BF 2 is used as the'impurity with a concentration of approximately 
1 x 10 19 atoms/cm 3 or more, a sheet resistance value of approximately 
several hundred of Q/square to 1 kQ/square, and a temperature 
coefficient of approximately several hundred of ppm/°C to 1000 
ppm/°C. As to the N + resistor 117, phosphorous or arsenic is used 
as the impurity with a concentration of approximately 1 x 10 10 
atoms/cm 3 or more, a sheet resistance value of approximately one 
hundred of Q/square to several hundred of Q/square, and a 
temperature coefficient of approximately several hundred of pprn/°C 
to 1000 ppm/°C. Further, Fig. 2 shows both the N + resistor 118 and 
the P+resistor 117. However, one of these resistors may constitute 
the semiconductor device for the purpose of reducing the number 
of steps and cost in consideration of the characteristics required 
for the semiconductor device and characteristics of the resistors. 

Next, the specific effects in the case where the present 
invention is applied to an actual product are described with 
reference to Fig. 3. Fig. 3 shows a general structure of a positive 
VR constituted of a semiconductor device. The VR is composed of 
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a reference voltage circuit 150, an error amplifier 151, a PMOS 
output element 152 and a voltage dividing circuit 157 composed of 
resistances 156, and is a semiconductor device having a function 
of always outputting a constant voltage together with a required 
current value to an output terminal 155 even if an arbitrary voltage 
is input to an input terminal 153. 

In recent years, a VR for particularly portable apparatuses 
is required from' the market to attain the low voltage of an input 
voltage, low power consumption, outputting of a high current even 
with a small potential difference of input /output , high precision 
of an output voltage, low cost, miniaturization and the like. In 
particular, the low cost and miniaturization are demands of high 
priority. With respect to the above demands, according to the 
present invention, the error ■ amplifier , the PMOS output element 
and the reference voltage circuit are constituted of the CMOS that 
enables low threshold voltage with low cost, and the voltage 
dividing circuit is constituted of the P-resistor with low cost, 
high resistance and high precision. Thus, the low voltage 
operation, low power consumption and high precision of an output 
voltage can be attained. 

Further, the extremely large effect of the structure of the 
present invention on the low cost that is a demand of high priority, 
that is, a reduction of a chip size or miniaturization is 
specifically explained . 
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The VR outputs a current of several tens of inA to several 
hundred mA. This depends one hundred percent on the driving 
capacity of the PMOS output element, and there is the case where 
the substantially half of a chip area is occupied by the PMOS output 
element depending on a product. Therefore, how the size of the PMOS 
output element is reduced is the key to the low cost and 
miniaturization. 

On the other hand, it is described above that the demand for 
the low voltage of an input voltage and the market demand for the 
outputting of a high current under the small potential difference 
of input/output are strong. This indicates a high current in a 
non-saturation operation mode in which a voltage applied to a gate 
is small and the voltage between a source and a drain is small in 
the PMOS output element. 

The drain current of the MOS transistor in the non-saturation 
operation is expressed by 

Id = (p-Cox*W/L)x{ (Vgs-Vth) -l/2-Vds}x Vds formula (1) 

Id: drain current 

y : mobility 

Cox: capacitance of a gate insulating film 
W: channel width 
L: channel length 

Vgs: voltage between a gate and a source 
Vth: threshold voltage 
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Vcls: voltage between a drain and a source 

In order to realize a sufficiently large drain even with small 
Vgs and Vds without increasing the surface area, it is necessary 
to reduce the channel length and Vth in accordance with the formula 
(1). 

In the CMOS structure in which the P-type monopole is a gate, 
the lowering of the threshold voltage and the reduction of the 
channel length can be attained while the leak current at the time 
of off is suppressed. Thus, it will be understood that the CMOS 
structure is an extremely effective means for the low cost and 
miniaturization of the above VR. 

The improvement of a temperature characteristic of the 
reference voltage circuit can be given as an advantage of the P-type 
monopole gate CMOS structure of the present invention in the VR. 
Hereinafter, the explanation is made with reference to the drawings . 

Fig. 4 is a schematic cross sectional view showing a first 
embodiment of a reference voltage circuit constituted of the 
semiconductor device of the present invention. In this embodiment, 
the reference voltage circuit of Fig. 6 is shown, in which an E-type 
NMOS and a D-type NMOS are connected in series. 

The N-type semiconductor substrate 118 is used, and an E- 
type NMOS 125 and a D-type NMOS 126 are provided in P-type wells 
119, respectively in order to avoid a back bias effect. 

P+polycrystalline silicon that is a drain and a gate of the 
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E-type NMOS 125 is short-circuited by a wiring metal though not 
shown in the figure. Further, a source of the E-type NMOS is 
connected with a low voltage supply terminal 122 showing a GND line 
in this embodiment. 

P + polycrystalline silicon that is a source and a gate of the 
D-type NMOS 126 is short-circuited by a wiring metal though not 
shown in the figure, and further, is connected with a high voltage 
supply terminal 123 showing the D-type NMOS 126. 

In the present invention, P+polycrystalline is used for the 
E-type NMOS 125 and the D-type NMOS 126. However, when a P-type 
that is an opposite conductivity type is used as a gate of an NMOS , 
in the case where a so-called channel doping is not completely 
conducted by an ion injection method for setting a threshold voltage 
of the NMOS to a predetermined value, the threshold voltage is 
generally 1 . 0 V or more although depending on the thickness of a 
gate oxide film and the P-well concentration. The threshold 
voltage of the E-type NMOS is approximately 0.7 V in many cases, 
and in order to set this threshold voltage, phosphorous or arsenic 
as a counter dopant is introduced into a semiconductor by the channel 
doping method in the NMOS using a P-type gate . As a result, a channel 
of the MOS transistor is formed in a portion with the lowest 
concentration, and the E-type NMOS 125 is a buried channel . Further, 
the threshold voltage of the D-type NMOS is generally and 
approximately -0.3 V, and in order to set this threshold voltage, 
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phosphorous or arsenic as a counter dopant is introduced by channel 
doping. Thus, the D-type NMOS 126 is also a buried channel. 
Accordingly, both the E-type NMOS and the D-type NMOS are the buried 
channels by adopting the P-type gate. 

Thus, since both the E-type NMOS and the D-type NMOS are the 
buried channels, the degree of changes of the MOSs to the threshold 
voltage or the temperature of the mutual conductance can be made 
uniform in comparison with the conventional case where the D-type 
NMOS is a buried channel while the E-type NMOS is a surface channel 
with an N-type gate electrode. As a result, the temperature 
characteristic of the reference voltage circuit can be made flat. 

Fig. 5 is a schematic cross sectional view showing a second 
embodiment of a reference voltage circuit constituted of the 
semiconductor device of the present invention. A so-called 
polycide structure that is a lamination structure of a high melting 
point metal silicide such as tungsten silicide or molybdenum 
silicide and polycrystalline silicon is adopted for a gate in order 
to realize low resistance of the gate electrode. The reference 
voltage circuit with the flat temperature characteristic as in the 
description with reference to Fig. 4 by using P+polycrystalline 
silicon for the lower layer of the gate electrode. Further, since 
the gate electrode has low resistance, an integrated circuit with 
higher performance in terms of high speed can be realized in the 
embodiment shown in Fig. 5 in comparison with the embodiment shown 
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in Fig. 4. 

The same effect can be obtained by applying the present 
invention to the reference voltage circuit in Fig. 6, the reference 
voltage circuit for outputting a constant voltage to the potential 
of a high voltage supply terminal in Fig. 7, the reference voltage 
circuit suitable for the output with a low voltage in Fig. 8, and 
further, the reference voltage circuit used for the purpose of 
avoiding the back bias effect in case of using a P-type semiconductor 

substrate in Fig. 9. 

In the circuit example of Fig. 9, an E-type PMOS is used as 
a load element. A gate electrode of this PMOS is set to P+type as 
in the gate electrode of the NMOS, whereby the PMOS is a surface 
channel. Thus, a leak current of the PMOS can be suppressed even 
if the threshold is set lower in comparison with the case of the 
buried channel. Therefore, it is possible to provide the reference 
voltage circuit with low voltage operation and low power consumption . 
In addition, there is a merit that the manufacture becomes simple 
and easy, thereby enabling the reduction of cost by using the P+type 
gate for both the NMOS and the PMOS. 

Further, the same effect can be obtained by applying the 
present invention to the circuit, where the P-type gate electrodes 
are used for the E-type NMOS and two D-type NMOSs, for stably 
outputting a reference voltage without influence on the circuit 
by noise superimposed on a high voltage supply terminal in Fig. 
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10 or Fig. 11. 

As described above, the effect by the P-type monopole gate 
is described using the E-type NMOS and D-type NMOS. However, with 
respect to the reference voltage circuit of the present invention, 
the reference voltage circuit with a satisfactory temperature 
characteristic as in the NMOS even with the structure of the 
reference voltage circuit using an E-type PMOS and a D-type PMOS 
with an N-i-type gate that is the opposite polarity. 

Further, the explanation is made using the structure and 
circuit for avoiding the back bias effect with reference to Fig. 
4 to Fig. 11. However, needless to say, the reference voltage 
circuit with a flat temperature characteristic can be realized by 
using the P-type monopole gate CMOS of the present invention for 
the reference voltage circuit to which a back bias is applied 
commonly to the E-type MOS transistor and the D-type MOS transistor. 

Moreover, in accordance with the P-fmonopole gate CMOS 
structure of the present invention, an E/D type reference voltage 
circuit of the PMOS which has not been to practical use particularly 
due to large variation of the D-type threshold voltage with the 
conventional N+polycrystalline silicon gate structure. Therefore, 
both the NMOS and the PMOS may be selected in the E/D type reference 
voltage circuit, and the present invention also has an advantage 
that the degree of freedom in the circuit design increases. 

The effect of the present invention in the VR and the reference 
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voltage circuit that is an element circuit of the VR is described 
above. Further, the following is mentioned that the great effect 
is obtained as in the VR by the application of the present invention 
in an SWR that mounts a high output element and in a VD in which 
the low voltage operation, low power consumption, low cost, and 
miniaturization are strongly demanded. 

Next, a method of manufacturing the CMOS semiconductor device 
in accordance with the first embodiment of the present invention 
is described with reference to the drawings. 

In Fig. 12, after the N-well 102 is formed on the P-type 
semiconductor substrate 101, the field insulating film 106 that 
is an element isolating region is formed by a so-called LOCOS method, 
and the impurity is selectively doped into a channel region for 
threshold control by an ion injection method for each of the NMOS 
and the PMOS . Thereafter, a gate insulating film 105 is formed by 
thermal oxidization, for example, in an electric furnace, and then, 
polycrystalline silicon 131 is deposited thereon. 

In this embodiment, a single N-well structure using a P-type 
semiconductor substrate is shown. In the case where, for example, 
a Vdd terminal is made to have the same potential as the mounted 
tab in accordance with the measure for noise or the request from 
a user, a P-well is formed using an N-type semiconductor substrate. 
In this case as well, the effect of the CMOS, in which the low voltage 
operation, low power consumption, and low cost are realized, 
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according to the present invention, can be obtained similarly in 
the case of a P-type semiconductor substrate N-well method. 

Further, in the case where the NMOS and the PMOS are to be 
formed into the semiconductors having approximately the same 
concentration while the balance of the parasitic capacitance or 
the minimum L length of both the MOSs is considered, which may be 
the case where a twin-well method is used, the effect of the CMOS, 
in which the low voltage operation, low power consumption, and low 
cost are realized, according to the present invention, can also 
be obtained irrespective of the conductivity type of the 
semiconductor substrate that is a starting material, that is, 
whether the semiconductor substrate is P-type or N-type. 

Further, the LOCOS method is shown for element isolation in 
Fig. 12. However, the effect of the CMOS, in which the low voltage 
operation, low power consumption, and low cost are realized, 
according to the present invention, can also be obtained by using 
shallow trench isolation (STI), which is not shown in the figure, 
for the purpose of the reduction of an isolation region. Whether 
the LOCOS method or the STI is used generally depends on the maximum 
operation voltage. In the case where the maximum operation voltage 
is several V, the STI is favorable from the viewpoint of area. On 
the other hand, in the case where the maximum operation voltage 
is more than several V, the LOCOS method is favorable from the 
viewpoint of simplicity of the process. 
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The doping of the impurity into the channel region for 
threshold control is conducted by the ion injection method as 
described above. Since the conductivity type of the gate electrode 
is P+polycrystalline silicon, phosphorous or arsenic, which is a 
donor, is used as dopant for both the E-type NMOS and the D-type 
NMOS. The surface channel type is very preferable for the low 
threshold value as described above, and thus, arsenic with a large 
diffusion coefficient is favorable. The donor is also used for the 
case of the E-type PMOS, but boron or BF 2 , which is an acceptor, 
is used for the D-type PMOS. The surface channel type is very 
preferable from the viewpoint of threshold characteristic in. case 
of the D-type PMOS, and thus, BF 2 that can keep impurity profile 
after ion injection shallow is generally used. The dose amount is 
generally in a range of 10 11 atoms/cm 2 to 10 12 atoms/cm 2 although 
depending on a desired threshold value. 

The polycrystalline silicon is formed on an oxide film by 
decomposing silane gas with a chemical vapor deposition method 
(hereinafter referred to as CVD) . A thick film is favorable in terms 
of low resistance of a gate electrode or wiring. However, a thin 
film is favorable for high resistance since the resistor is also 
formed of the same layer as described above. In consideration of 
the throughput in patterning, etching selective ratio with the base 
gate oxide film, and the like of the polycrystalline silicon, the 
thickness is generally in a range of 2000 A to 6000 A. 
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Next, as shown in Fig. 13, a photo resist 132 is patterned 
so as to open the portion to be an N-type resistor by a 
photolithography method, and phosphorous or arsenic, which is the 
donor impurity, is selectively introduced into the polycrystalline 
silicon by the ion injection method. 

As described later, there may be the case where ion injection 
of acceptor dopant with low concentration is conducted to the entire 
surface of the polycrystalline silicon in the subsequent step. 
However, in this step, the dose amount is set such that the 
conductivity type is N-type even after the ion injection. . The dose 
amount is generally in a range of 10 H atoms/cur' to 10 ,!l atoms/cm', 
and the net concentration is approximately 1 x 10 M atoms/cm 3 to 9 
x 10 18 atoms/cm 3 . The sheet resistance value is several kQ/square 
to several tens of kQ/square. It is necessary to set the sheet 
resistance value to the above value in order to set a consumption 
current in the voltage dividing circuit due to resistance to at 

least yA or less. 

Further, there may be the case where high resistance of the 
N-type polycrystalline silicon is unnecessary depending on the 
circuit or product. In this case, the step shown in Fig. 13 is 
omitted . 

Next, the photo resist is peeled. Then, as shown in Fig. 14, 
the photo resist 132 is patterned so as to open the portions to 
be a P+gate electrode and wiring by a photolithography method, and 
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BF. as the acceptor impurity is selectively introduced into the 
polycrystalline silicon by the ion injection method. Since the 
gate electrode and wiring preferably have low resistance as much 
as possible, the ion injection is conducted with the conditions 
of the concentration of 1 x 10 19 atoms/cm 3 or more and the dose amount 
of 1 x 10 Ul atoms/cm* or more. 

Further, although not shown in the figure, a P+polycrystalline 
silicon region in Fig. 14 is formed as follows. That is, after the 
step of Fig. 13 is conducted, the photo resist is peeled and an 
oxide film is formed on the polycrystalline silicon by a CVD method, 
and the oxide film is patterned so as to open the portions to be 
the P+gate electrode and wiring by a photolithography method and 
wet etching with an HF solution after heat treatment. Then, after 
the photo resist is peeled, pre-deposit ion and drive-in are 
conducted in an electric furnace. Alternatively, after doping of 
a molecular layer, heat treatment is conducted to remove the oxide 
film. This case requires the formation of the oxide film and etching 
process, and thus, is disadvantageous in terms of the number of 
steps in comparison with the case where the P+polycrystalline 
silicon region is formed by ion injection with the photo resist 
as a mask shown in Fig. 14 . However, the above case is advantageous 
in terms of low resistance because it is possible to remarkably 
make acceptor concentration large in comparison with the ion 
injection method. In general, the formation of the 
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p+polycrystalline silicon region by the photolithography method 
and ion injection is adopted in terms of the concentration 
controllability and simplicity. 

Subsequently, after the photo resist 132 is peeled, boron or 
BF. as the acceptor impurity is introduced into the polycrystalline 
silicon by the ion injection method in order to form a P-type 
resistor region as shown in Fig. 15. The dose amount is generally 
in a range of 10 M atoms/cnr to 10 15 atoms/cm", and the net 
concentration is approximately 1 x 10 M atoms/cm 3 to 9 x 10 18 atoms/cm J . 
The sheet resistance value is several kQ/square to several tens 
of kQ/square. The sheet resistance value is set to the above value 
in order to set a consumption current in the voltage dividing circuit 
due to resistance to at least pA or less as in case of the N-type 
resistor . 

Further, also as in case of the N-type resistor, there may 
be the case where high resistance of the P-type polycrystalline 
silicon is unnecessary depending on the circuit or product . In this 
case, the step shown in Fig. 15 is omitted. 

The N-type resistor region, the P-type resistor region and 
the P+region are formed in the polycrystalline silicon through the 
steps shown in Fig. 13 to Fig. 15. However, this step order is not 
necessary adopted. The above three regions are formed by 
conducting the steps in Fig. 13 to Fig. 15 with an arbitrary order. 

Next, as shown in Fig. 16, a first insulating film 134 is formed 
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on the polycrystalline silicon by a CVD method, and heat treatment 
is conducted in an electric furnace with an atmosphere of inert 
gas such as nitrogen or argon depending on the situation. 

The first insulating film is provided as a mask for preventing 
donor dopant from entering the P+gate electrode in the later 
formation of a source and a drain of the NMOS in a self-aligning 
manner. Acceleration energy of ion injection in the forma I: J on of 
the source and the drain of the NMOS is lower than 100 Kev in order 
that the first insulating film functions as the mask. Thus, the 
thickness of 1000 A to 2000 A sufficiently enables the prevention 
even in consideration for the maximum range of ion. An oxide film 
or a nitride film is used as the material for the first insulating 
film. As described later, it is necessary to peel the first 
insulating film on the resistor in the subsequent step, and the 
oxide film that enables wet etching with the HF solution is used 
in many cases in terms of simplicity of the process or damage given 
to the resistor. 

Next, as shown in Fig. 17, the first insulating film and the 
polycrystalline silicon are patterned by a photolithography method 
and etching to form a gate electrode, wiring, and resistor. 

The formation is carried out by two methods. One method is 
such that after the photo resist is patterned by the 
photolithography method, the first insulating film is etched using 
the photo resist as a mask, then, the polycrystalline silicon is 
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etched while the photo resist is left, and thereafter, the photo 
resist is removed. The other method is such that after the photo 
resist is patterned by the photolithography method, the first 
insulating film is etched using the photo resist as a mask, then, 
the photo resist is peeled, and thereafter, the polycrystalline 
silicon is etched using the first insulating film as a mask. 

Anisotropic dry etching is adopted for the processing of the 
gate electrode or resistor because precision is required. 
Anisotropic etching is attained by the effect of a side wall 
defensive film of the product with the photo resist in etching, 
and thus, in general, the polycrystalline silicon is dry-etched 
while the photo resist is left. 

In the case where the first insulating film is an oxide film, 
the processing can be conducted by either wet etching or dry etching. 
However, dry etching is more favorable in terms of precision. 
Further, in the case where the first insulating film is a nitride 
film, patterning with the photo resist as the mask does not have 
an appropriate etchant, and thus, etching is limited to dry etching. 
However, in case of the nitride film, since the etch rate by dry 
etching is approximately the same as that of the polycrystalline 
silicon, there is an advantage that etching can be continuously 
conducted in the same etcher. 

Subsequently, as shown in Fig. 18, the photo resist 132 is 
patterned so as to cover the gate electrode or wiring region other 
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than the resistor by the photolithography method, and the first 
insulating film on the resistor is removed by etching. 

In this case, wet etching in which etching progresses solely 
with chemical reaction is preferable since it is desirable that 
the damage due to etching is not given to the resistor. Therefore, 
the oxide film that enables wet etching with the HF solution is 
appropriate as the material for the first insulating film 134 as 
described above. The nitride film is disadvantageous in this point 
since the nitride film does not have an appropriate etchant in which 
the resist can be adopted as a mask material. However, since the 
field insulating film is an oxide film in many cases in the case 
where the first insulating film is an oxide film, it is necessary 
to pay attention to the reduction of thickness of the field 
insulating film in this step. 

Next, after the photo resist is peeled, as shown in Fig. 19, 
the photo resist 132 is patterned so as to open the portions of 
the NMOS and the N-type resistor, which are to be contacts with 
the wiring metal, by the photolithography method. Then, the donor 
such as phosphorous or arsenic is introduced into the P-type 
substrate and the N-type resistor at high concentration by the ion 
injection method, and the N+regions 103, which correspond to the 
source and the drain of the NMOS, and the N+polycrystalline silicon 
region 109 are formed. 

Arsenic having a small diffusion coefficient with which a 
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shallow source and a shallow drain are obtained is generally used 
as impurities . The dose amount is 1 x 10 Ul atoms/cm" or more in order 
to attain low resistance as much as possible, and the concentration 
is 1 x 10 l ° atoms/cm 3 or more in this case. 

Further, since the first insulating film is provided on the 
gate electrode of, the NMOS in this case, the donor does not enter 
the P+gate electrode of the NMOS. Thus, the working function and 
the resistance value do not change. 

Then, after the photo resist is peeled, heat treatment for 
activation of the impurities is conducted if necessary. Thereafter, 
as shown in Fig. 20, the photo resist 132 is patterned so as to 
open the portions of the PMOS and the P-type resistor, which are 
to be contacts wi th the wiring metal , by the photolithography method . 
Then, the acceptor such as BF 2 or boron is introduced into the N-well 
and the P-type resistor at high concentration, and a P + region 104, 
which corresponds to a source and a drain of the PMOS , and a 
P+polycrystalline silicon region 108 are formed. Since the 
resistance is made low as much as possible as in the NMOS, the dose 
amount is 1 x 10 13 atoms/cm 2 or more, and the concentration in this 
case is 1 x 10 19 atoms/cm 3 or more. 

Next, after the photo resist is peeled, as shown in Fig. 21, 
a middle insulating film 135 is deposited by a CVD method, and heat 
treatment is conducted to level the middle insulating film. 

The middle insulating film has a two-layer structure in which 
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the lower layer is a nondoped silicate glass (NSG) film or a nitride 
film and the upper layer is a phosphorous silicate glass (PSG) film 
or a boron phosphorous silicate glass (BPSG) film. The PSG and the 
BPSG are used for making glass flow leveling by the heat treatment 
effective. In addition, the NSG or the nitride film as the lower 
layer is provided for preventing the impurities from diffusing into 
the polycrystalline silicon resistor during the heat treatment and 
avoiding influence on the resistance value. The lower layer with 
a thickness of 1000 A or more has a sufficient capacity of preventing 
diffusion . 

The thermal budget from the completion of the introduction 
of the acceptor impurity at high concentration into the 
polycrystalline silicon through the heat treatment for leveling 
shown in Fig. 21 is limited such that boron as the acceptor impurity 
is not diffused into the channel region from the P+gate electrode. 
The heat treatment is performed at 800°C to 900°C for several tens 
of minutes in an electric furnace although depending on the 
thickness of the gate insulating film, and is performed at 1000°C 
to 1100°C for several tens of seconds in case of rapid thermal 
annealing (RTA) . 

In the subsequent steps, contact holes are formed and a wiring 
metal is formed as in the CMOS process. 

As described above, through the steps of Fig. 12 to Fig. 21, 
the structure of the CMOS semiconductor device of the first 
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embodiment of the present invention in Fig. 1 can be obtained. 

Further, a CMOS semiconductor device of a second embodiment 
of the present invention in Fig. 2 is obtained as follows. That 
is, through the steps of Fig. 12 to Fig. 21, in the step of introducing 
the impurity to the source and the drain in Fig. 19 and Fig. 20, 
the impurity having the same concentration as the source and drain 
of the NMOS are introduced into the entire resistor region in case 
of the N+resistor while the impurity having the same concentration 
as the source and drain of the PMOS are introduced into the entire 
resistor region in case of the P+resistor. The addition of any step 
does not needed. 

Fig. 22 is a schematic cross sectional view showing a CMOS 
semiconductor device of a third embodiment of the present invention . 

The different points from the CMOS semiconductor devices 
according to the present invention in Fig. 1 and Fig. 2 are that 
a gate electrode has a so-called polycide structure that is a 
lamination layer of a high melting point metal silicide 127 and 
the P+polycrystalline silicon 107 and that the resistors formed 
on the field insulating film 106 are a thin film P-resistor 138 
and a thin film N-resistor 139 which are made of polycrystalline 
silicon thinner than the polycrystalline silicon used for the lower 
layer of the gate electrode. 

In order to attain low resistance of the gate electrode and 
wiring as much as possible from the viewpoint of high speed, the 
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polycide structure is such that the high melting point metal 
silicide 127 is provided on the P+polycrys talline silicon 107 
containing the acceptor impurity such as boron or BF 2 at a 
concentration of 1 x 10 19 atoms/cm 3 or more. The sheet resistance 
value can be made low to several Q/square to ten Q/square in 
comparison with several tens of Q/square in case of a single layer 
of the polycrystalline silicon. 

The resistors 138 and 139 are formed of the polycrystalline 
silicon that is thinned so as to sufficiently keep the absolute 
value and the resistance specific precision even though the sheet 
.resistance value is set high. 

The CMOS semiconductor device of the third embodiment has the 
same structure as the P+gate electrode CMOS semiconductor devices 
in Fig. 1 and Fig. 2, which are the basis of the present invention 
except for the gate electrode structure and the thin film resistors. 
Thus, the effect on low voltage operation and low power consumption 
is the same. 

Next, a method of manufacturing the CMOS semiconductor device 
of the third embodiment of the present invention is described with 
reference to the drawings. 

In Fig. 23, the following state is shown. After the N-well 
102 is formed in the P-type semiconductor substrate 101 as in the 
step shown in Fig. 12, the field insulating film 106 that is the 
element isolating region is formed, and doping of the impurity into 
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the channel region for threshold control is selectively conducted 
for each of the NMOS and the PMOS by the ion injection method. 
Thereafter, a gate insulating film is formed, and the first 
polycrystalline silicon 131 is deposited. 

The polycrystalline silicon 131 is the lower layer of the 
polycide gate electrode, and thus, requires to be thinned in 
comparison with the case where the gate electrode is formed of the 
polycrystalline silicon single layer. 

The polycrystalline silicon 131 is required to have a thickness 
to a certain extent because there may be the case where the 
semiconductor substrate or the gate insulating film is damaged at 
the time of deposition of the high melting point metal silicide 
to be formed on the polycrystalline silicon as described later if 
the polycrystalline silicon 131 is thin. In consideration of the 
throughput in patterning, etching selective ratio with the base 
gate oxide film, and the like of the polycide, the thickness is 
generally in a range of 1000 A to 4000 A. 

Next, as shown in Fig. 24, BF 2 as the acceptor impurity is 
introduced into the first polycrystalline silicon 131 by the ion 
injection method to make P+polycrystalline silicon 133. 

Ion injection to the gate electrode is conducted with the 
conditions of the concentration of 1 x 10 19 atoms/cm 3 or more and 
the dose amount of 1 x 10 15 atoms/cm" or more in order to prevent 
depletion to the gate electrode side. 
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The introduction of the acceptor impurity into the first 
polycrystalline silicon 131 may be performed by a method of 
conducting pre-deposition and drive-in in an electric furnace or 
a step of conducting heat treatment after doping of a molecular 
layer . 

These methods are advantageous in terms of depletion since 
the acceptor concentration can be remarkably made high in comparison 
with the ion injection method. However, in these methods, the 
concentration controllability is low, and there may be the case 
where boron as the acceptor impurity diffuses into the channel 
through the gate insulating film from the gate electrode to cause 
fluctuation of the threshold voltage due to the heat treatment in 
the subsequent step. Thus, the formation with the ion injection 
is safe. 

Further, the same structure as that described through Fig. 
24 is obtained by a Doped-CVD method in which the introduction of 
the acceptor impurity is conducted simultaneously with the 
formation of the first polycrystalline silicon 131 described in 
Fig. 23 for the simplified step. In this case, the impurity 
concentration is set to 1 x 10 19 atoms/cm 3 or more for low resistance. 

Subsequently, as shown in Fig. 25, the high melting point metal 
silicide 127 is deposited on the P+polycrystalline silicon 133 by 
a sputtering method or a CVD method. Further, the insulating film 
134 is deposited on the high melting point metal silicide by the 
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CVD method. 

One of molybdenum silicide, tungsten silicide, titanium 
silicide and platinum silicide is used as the high melting point 
metal silicide, and the thickness of the high melting point metal 
silicide is 500 A to 2500 A. A sputtering method is generally used 
for the formation from the viewpoint of adhering property of the 
high melting point metal silicide and the polycrystalline silicon 
although there is a fear for damage. The high melting point metal 
silicide enables the remarkable reduction of the sheet resistance 
value of the gate electrode and wiring to several Q/square to 10 
Q/square in comparison with several tens of Q/square of the gate 
electrode and wiring made of the polycrystalline silicon single 
layer. Thus, the function of the semiconductor product is 
improved . 

The insulating film 134 is provided for the same reason as 
described in Fig. 16 as a mask for preventing donor dopant from 
entering the gate electrode. An oxide film or a nitride film is 
used as its material and the thickness is 1000 A to 2000 A. Heat 
treatment at approximately 900°C for about 30 minutes is conducted 
after the deposition of the insulating film 134 if necessary. 

Next, as shown in Fig. 26, the insulating film 134, the high 
melting point metal silicide 127 and the P+polycrystalline silicon 
133 are patterned by the photolithography method and etching to 
form gate electrodes and wiring. 
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The formation is carried out by two methods. That is, one 
method is such that after the photo resist is patterned by the 
photolithography method, the insulating film 134 is etched using 
the photo resist as a mask, the high melting point metal silicide 
127 and the P + polycrystalline silicon 133 are etched while the photo 
resist is left, and thereafter, the photo resist is removed. The 
other method is such that after the photo resist is patterned by 
the photolithography method, the insulating film 134 is etched using 
the photo resist as a mask, the photo resist is peeled, and 
thereafter, the high melting point metal silicide 127 and the 
P+polycrystalline silicon 133 are etched using the insulating film 
134 as a mask. 

Anisotropic dry etching is adopted for the processing of the 
gate electrode or resistor because precision is required. 
Anisotropic etching is. attained by the effect of a side wall 
defensive film of the product with the photo resist in etching, 
and thus, in general, the high melting point metal silicide and 
the polycrystalline silicon are dry-etched while the photo resist 
is left. 

The completion of etching of the upper layer is detected by 
an end point detection mechanism in etching of a multi-layer film 
made of a plurality of materials, and the etching of the multi-layer 
film is carried out by changing gas corresponding to the material 
or an etcher itself as occasion demands. 
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Next, as shown in Fig. 27, after an insulating film 137 is t 
formed, thin film polycrystalline silicon 136 is . deposited. 

The insulating film is, for example, an oxide film with a 
thickness of several hundred A by a thermal oxidization method or 
an oxide film with a thickness of several hundred A by a CVD method. 

The thin film polycrystalline silicon 136 is deposited by the 
CVD method similarly in case of the polycrystalline silicon used 
for the gate electrode and wiring. However, there may be the case 
where the thin film polycrystalline silicon 136 is deposited at 
the lowered deposition temperature since it has a thickness of 500 
A to 2000 A and is thinner than the polycrystalline silicon used 
for the gate electrode and wiring . In addition, the film deposition 
in this step may be performed by a sputtering method. 

The resistor is formed by using the polycrystalline silicon 
thinner than the polycrystalline silicon used for the gate electrode 
and wiring. Thus, the precision of the resistance value can be 
sufficiently kept even though the sheet resistance value of the 
resistor is set high to several kQ/square to several tens of 
Q/square . 

Next, as shown in Fig. 28, the photo resist 132 is patterned 
so as to open the portion to be an N-type resistor by the 
photolithography method, and phosphorous or arsenic as a donor 
impurity is selectively introduced into the thin film 
polycrystalline silicon 136 by the ion injection method. 
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There may be the case where the ion injection of the acceptor 
dopant at low concentration is conducted into the entire surface 
of the thin film polycrystalline silicon in the later step as 
described later. However, the dose amount is set such that the 
conductivity type is N-type and the concentration is in a certain 
range even after the ion injection. The dose amount is generally 
in a range of 10 M atoms/cm 2 to 10 u ' atoms/cnr, and the net 
concentration is approximately 1 x 10 1 " atoms/cm 3 to 9 x 10 1H atoms/cm 3 . 
The sheet resistance value is several kQ/square to several tens 
of kQ/square. It is necessary to set the sheet resistance value 
to the above value in order to set a consumption current in the 
voltage dividing circuit due to resistance to at least pA or less. 

Further, there may be the case where high resistance of the 
N-type polycrystalline silicon is unnecessary depending on the 
circuit or product. In this case, the step shown in Fig. 28 is 
omitted. 

Next, after the photo resist 132 is peeled, as shown in Fig. 
29, boron or BF 2 as the acceptor impurity is introduced into the 
thin film polycrystalline silicon 136 by the ion injection method 
to form a P-type resistor region. 

The dose amount is generally in a range of 10 14 atoms/cm 2 to 
10 15 atoms/cnr, and the net concentration is approximately 1 x 10 H 
atoms/cm 3 to 9 x 10 18 atoms/cm 3 . The sheet resistance value is 
several kQ/square to several tens of kQ/ square. The sheet 
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resistance value is set to the above value in order to set a 
consumption current in the voltage dividing circuit due to 
resistance to at least pA or less as in the N-type resistor. 

Further, there may be the case where high resistance of the 
P-type polycrystalline silicon is unnecessary depending on the 
circuit or product. In this case, the step shown in Fig. 29 is 
omitted . 

The N-type resistor region and the P-type resistor region are 
formed in the thin film polycrystalline silicon through the steps 
shown in Fig. 28 and Fig. 29. However, this step order is not 
necessary adopted. The N-type resistor region and the P-type 
resistor region are similarly formed by exchanging the steps in 
Fig. 28 and Fig. 29. 

Next, as shown in Fig. 30, second polycrystalline silicon is 
patterned by the photolithography method and etching to form a 
resistor. 

The processing of the resistor requires precision, and thus, 
is conducted by an anisotropic dry etching method. 

Then, after the photo resist 132 is peeled, as shown in Fig. 
31, the photo resist 132 is patterned so as to open the portions 
of the NMOS and the N-type resistor, which are to be contacted with 
the wiring metal, by the photolithography method. Then, the donor 
such as phosphorous or arsenic is introduced into the P-type 
substrate and the N-type resistor at high concentration by the ion 
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injection method, and N+regions 103, which correspond to a source 
and a drain of the NMOS, and an N+polycrystalline silicon region 

109 are formed. 

Arsenic having a small diffusion coefficient with which a 
shallow source and a shallow drain are obtained is generally used 
as the impurity. . The dose amount is 1 x 10 lb atoms/cm 3 or more in 
order to attain low resistance as much as possible, and the 
concentration is 1 x 10 in atoms/cm 3 or more in this case. 

Further, in this case, since the insulating film 134 and the 
insulating film 137 are formed on the gate electrode of the NMOS, 
the donor does not enter the gate electrode of the NMOS. Thus, the 
working function and the resistance value do not change. 

Moreover, although not shown in the figure, the N+resistor 
formed of thin film polycrystalline silicon, in which the entire 
N-type resistor region is at high concentration, can be formed for 
the purpose of improvement of a temperature coefficient. 

Then, after the photo resist is peeled, heat treatment for 
activation of the impurities is conducted if necessary. Thereafter, 
as shown in Fig. 32, the photo resist 132 is patterned so as to 
open the portions of the PMOS and the P-type resistor, which are 
to be contacted with the wiring metal, by the photolithography 
method. Then, the acceptor such as BF 2 or boron is introduced into 
the N-well and the P-type resistor at high concentration by the 
ion injection method, and the P+region 104, which corresponds to 
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the source and the drain of the PMOS, and the P+polycrystalline 
silicon region 108 are formed. Since the resistance is made low 
as much as possible as in the NMOS, the dose amount is 1 x 10 ]b 
atoms/cm 2 or more, and the concentration is 1 x 10 19 atoms/cm J or 
more in this case. 

Further, in. this step as well, the P + resistor at high 
concentration over the entire region can be formed as described 
in Fig. 31. 

After the above-described steps are performed, the middle 
insulating film 135 is formed as in the step shown in Fig. 21. As 
a result, the structure of the CMOS semiconductor device of the 
third embodiment of the present invention in Fig. 22 can be obtained. 

Next, a second embodiment of a method of manufacturing the 
CMOS semiconductor device of the third embodiment of the present 
invention is described. 

In Fig. 33, after the steps in Fig. 23 and Fig. 24 are conducted, 
a high melting metal 140 such as cobalt or titanium is deposited 
on the P+polycrystalline silicon 133 by a sputtering method. 

The thicknesses of cobalt and titanium are in a range of 100 
A to 500 A. In case of cobalt, there may be the case where titanium 
or titanium nitride is laminated with a thickness of several tens 
of A to several hundred A. 

Next, heat treatment is performed at 600°C to 750°C for several 
tens of seconds to one minute by, for example, a rapid thermal 
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process (RTP) to silicify the portion of the high melting point 
metal which contacts the polycrystalline silicon 131. Thereafter, 
the RTP is conducted at 700°C to 900°C for several tens of seconds. 
The state is shown in Fig. 34. 

The same steps as in the manufacturing method described through 
Fig. 25 to Fig. 32 are carried out for the subsequent steps. As 
a result, the structure of the CMOS semiconductor device of the 
third embodiment in Fig. 22 can be obtained. 

Fig. 35 is a schematic cross sectional view of a CMOS 
semiconductor device of a fourth embodiment of the present 
invention . 

The CMOS semiconductor device is constituted of a CMOS that 
is composed of the NMOS 113 having a lightly doped drain (LDD) 
structure in which a gate electrode formed on the P-type 
semiconductor substrate 101 is formed of the P+polycrystalline 
silicon 107 and a source and a drain each have an N-diffusion layer 
142 for electric field relaxation and the PMOS 112 having an LDD 
structure £n which a gate electrode formed on the N-well region 
102 is also formed of the P+polycrystalline silicon 107 and the 
P-resistor 114 and the N-resistor 115 which are formed of the 
polycrystalline silicon of the same layer as the gate electrode 
formed on the field insulating film 106. 

The structure shown in Fig. 35 is advantageous in terms of 
minuteness of a gate length and reliability since the MOS has the 
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LDD structure. However, the structure shown in Fig. 35 is the same 
as the P+gate elect rode, CMOS semiconductor devices that is the basis 
of the present invention in Fig. 1, Fig. 2 and Fig. 22 except for 
the above point. Thus, the effect on low voltage operation and low 
power consumption is the same. 

Next, a method of manufacturing the CMOS semiconductor device 
of the fourth embodiment of the present invention is described with 
reference to the drawings. 

The same steps as in Fig. 12 to Fig. 17 are performed to form 
gate electrodes, wiring and resistor regions. In this embodiment, 
a lamination structure in which the lower layer is a silicon oxide 
film and the upper layer is a silicon nitride film is adopted for 
the insulating film 134 on the polycrystal line silicon. 

The silicon oxide film is formed by thermal oxidization of 
polycrystalline silicon or a CVD method, and the silicon nitride 
film is formed by the CVD method. The total thickness of the 
insulating film 134 is 1000 A to 3000 A. The total thickness and 
the thicknesses of the oxide film and the nitride film are set such 
that the insulating film 134 functions as a mask for preventing 
the donor dopant from entering the P+gate electrode in the formation 
of the source and drain of the NMOS and that the oxide film as the 
lower layer of the insulating film 134 does not expose in the 
formation of the side spacer, which is described later. For example, 
the silicon nitride film is 2000 A thick, and the silicon oxide 
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film is 1000 A. 

In the case where the lower layer of the insulating film 134 
is the oxide film formed by the CVD method, heat treatment may be 
conducted after the insulating film 134 is formed for the closeness. 

In the formation of the gate electrode and the resistor pattern, 
etching of the insulating film that is a lamination layer of the 
oxide film and the nitride film is carried .out by conducting 
detection of an end point in etching and changing gas between the 
nitride film and the oxide film. Further, not only the gas is 
changed but also the etcher itself is changed if necessary, and 
thus, the etching of the insulating film 134 is carried out without 
fail. The subsequent etching of the polycrystalline silicon is 
similarly conducted by selecting appropriate gas and etcher. 

After the above-described steps are performed, as shown in 
Fig. 36, the photo resist 132 is patterned so as to open the NMOS 
by the photolithography method. Then, the donor such as 
phosphorous or arsenic is introduced into the P-type substrate at 
low concentration by the ion injection method, and the N-regions 
142, which correspond to the source and the drain at low 
concentration of the NMOS are formed. 

The impurity concentration depends on the operation voltage 
of the semiconductor product, but the dose amount is generally 10 12 
atoms/cm" to 10" atoms/cm 2 . The concentration is 10 ,f ' atoms/cm' to 
10 19 atoms/cm 3 in this case. 
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Next, after the photo resist is removed, as shown in Fig. 37, 
the photo resist 132 is patterned so as to open the PMOS by the 
photolithography method. Then, the acceptor such as boron or BF, 
is introduced into the N-well at low concentration by the ion 
injection method, and P-regions 143, which correspond to the source 
and the drain at low concentration of the PMOS are formed. 

The impurity concentration is the same as in the NMOS, and 
the dose amount is generally 10 12 atoms/cm 2 to 10 1 * atoms/cirr. The 
concentration is 10 1G atoms/cm 3 to 10 1B atoms/cm 3 in this case. 

Next, after the photo resist is removed, as shown in Fig. 38, 
an insulating film 144 that becomes side spacers later is formed 
on the semiconductor substrate by a CVD method. The side spacer 
needs to be formed such that the insulating film 134 on the 
polycrystalline silicon is left for the insulating film in this 
case. Thus, a silicon oxide film, which has the etching selective 
ratio to the silicon nitride film as the upper layer of the 
insulating film 134, is used. The thickness of the insulating film 
144 is generally 2000 A to 6000 A although depending on the degree 
of required electric field relaxation. Heat treatment may be 
conducted after the insulating film 144 is deposited for the 
closeness of the oxide film, and the like. 

Subsequently, the insulating film 144 is etched by anisotropic 
dry etching, whereby the side spacers 141 are formed on the side 
walls of the polycrystalline silicon that is the gate electrode 
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and side walls of the wiring and the resistor, which are not shown 
in the figure. The width of the side spacer 141 depends on the 
etching condition, but is generally 0.2 pm to 0.5 pm. 

In the formation of the side spacers 141, since the insulating 
film 144 is the silicon oxide film and the upper layer of the 
insulating film 134 on the polycrys ta lline silicon is the silicon 
nitride film, the large selective ratio in anisotropic dry etching 
can be sufficiently kept. Thus, the polycrystalline silicon does 
not need to be exposed in etching. 

In this embodiment, the upper layer of the insulating film 
134 on the polycrystalline silicon is the silicon nitride film, 
and the insulating film 144 for the spacers is the silicon oxide 
film. However, the same structure can be obtained when the 
insulating film 134 is the silicon oxide film and the insulating 
film 144 for the spacers is the silicon nitride film. 

Next, as shown in Fig. 40, the photo resist 132 is patterned 
so as- to cover the gate electrode and wiring region other than the 
resistor by the photolithography method. Then, the insulating film 
134 on the resistor is removed by etching. 

In this case, it is not preferable that the resistor is damaged 
by etching. Thus, in this embodiment, the silicon nitride film as 
the upper layer of the insulating film 134 is removed by dry etching, 
and the silicon oxide film as the lower layer which directly contacts 
the resistor is removed by wet etching in which etching progresses 



125 



f 



solely with chemical reaction. 

Next, after the photo resist is removed, as shown in Fig. 41, 
the photo resist 132 is patterned so as to open the portions of 
the NMOS and the N-type resistor, which are to be contacts with 
the wiring metal, by the photolithography method. Then, the donor 
such as phosphorous or arsenic is introduced into the P-type 
substrate and the N-type resistor at high concentration by the ion 
injection method, and the N+regions 103, which correspond to the 
source and the drain of the NMOS, and the N+polycrystalline silicon 
region 109 are formed. 

Arsenic having a small diffusion coefficient with which a 
shallow source and a shallow drain are obtained is generally used 
as the impurity. The dose amount is 1 x 10 1!) atoms/cnr or more in 
order to attain low resistance as much as possible, and the 
concentration is 1 x 10 19 atoms/cm 3 or more in this case. 

Further, in this case, since the insulating film is formed 
on the gate electrode of the NMOS, the donor does not enter the 
P+gate electrode of the NMOS. Thus, the working function and the 
resistance value do not change. Besides, the donor does not enter 
the portion below the region provided with the side spacer, and 
thus, it is possible to attain low electric filed at the end of 
the drain. 

Moreover, although not shown in the figure, the N+resistor 
formed of polycrystall ine silicon, in which the entire N-type 
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resistor region is at high concentration, can be formed for the 
purpose of improvement of a temperature coefficient in accordance 

with this step. 

Next, after the photo resist is peeled, and after heat 
treatment for activation of the impurities is conducted if necessary, 
the photo resist . 132 is patterned so as to open the portions of 
the PMOS and the P-type resistor, which are to be contacts with 
the wiring metal, by the photolithography method. Then, the 
acceptor such as BF 2 or boron is introduced into the N-well and the 
p_ t yp e resistor at high concentration by the ion injection method, 
and the P+regions 104, which correspond to the source and the drain 
of the PMOS, and the P+polycrystalline silicon region 108 are formed. 
Since the resistance is made low as much as possible as in the NMOS, 
the dose amount is 1 x 10 15 atoms/cm 2 or more, and the concentration 
is 1 x 10 19 atoms/cm 3 or more in this case. 

Further, the P+resistor in which the entire P-type resistor 
region is at high concentration can be formed similarly to the 
N+resistor in accordance with this step. 

In the subsequent step, the middle insulating film is formed 
as in the step shown in Fig. 21. 

As described above, through the steps of Fig. 36 to Fig. 43, 
the CMOS semiconductor structure of the fourth embodiment according 
to the present invention in Fig. 35 can be obtained. 

Next, a second embodiment of a method of manufacturing the 
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CMOS semiconductor device of the fourth embodiment of the present 
invention will be described. The same steps as in Fig. 12 to Fig. 
17 are performed to form gate electrodes, wiring and resistor 
regions. In this embodiment, however, the introduction of 
impurities into the polycrystalline silicon resistor shown in Figs. 
13 and 15 is not performed. 

After performing the steps described above, the same step as 
in Fig. 40 is performed to remove the insulating film 134 on the 
resistor . 

Next, as shown in Fig. 43 the photo resist 132 is patterned 
so as to open the portions of the NMOS and the N-type resistor. 
Then, the donor such as phosphorous or arsenic is introduced into 
the P-type semiconductor substrate and polycrystalline silicon at 
low concentration by the ion injection method, N-region 142, which 
correspond to the source and the drain at low concentration of the 
NMOS, and the N- polycrystalline silicon that becomes the N-type 
resistor are formed at the same time. 

Although in the above embodiments the LDD source and drain 
regions at low concentration of the NMOS and the N- polycrystalline 
silicon resistor are respectively formed by different steps, since 
their impurity concentrations are relatively close to each other, 
they can be formed simultaneously as described above depending on 
product specifications. Thus the manufacturing cost and time can 
be reduced. 
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Next, after the photo resist is removed, as shown in Fig. 44, 
the photo resist 132 is patterned so as to open the portions of 
the PMOS and the P-type resistor as in Fig. 43. Then, the acceptor 
such as BF, or boron is introduced into the N-well and the 
polycrystalline silicon at low concentration by the ion injection 
method, and the P-region 143, which corresponds to the source and 
the drain at low concentration of the PMOS, and the P- 
polycrystalline silicon 110 which becomes the P-type resistor, are 
formed at the same time. Therefore, due to the reason already 
explained with respect to Fig. 43, the manufacturing cost and time 

can be reduced. 

The same steps as in the manufacturing method described through 
Fig. 38 to Fig. 42 are carried out for the subsequent steps. As 
a result, the structure of the CMOS semiconductor device of the 
fourth embodiment of the present invention shown in Fig. 35 can 
be obtained. According to the another manufacturing method of the 
present invention described above, it is possible to reduce the 
mask step, and is therefore advantageous in terms of the 
manufacturing cost and time. 

Note, however, that since the anisotropic dry etching is 
performed in the state where there is no insulating film provided 
on the resistor at the time of forming the side spacer, the resistor 
may be damaged due to its exposure to plasma during the etching, 
with the result that the resistance value thereof may be changed. 
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Fig. 45 is a schematic cross sectional view of a CMOS 
semiconductor device of a fifth embodiment of the present invention. 

The CMOS semiconductor device is constituted of a CMOS that 
is composed of: the NMOS 113 having an LDD structure in which a 
gate electrode formed on the P-type semiconductor substrate 101 
is formed of the first P+polycrystalline silicon 107 and a source 
and a drain are intended for electric field relaxation; the PMOS 
112 having an LDD structure in which a gate electrode formed on 
the N-well region 102 is also formed of the first P+polycrystalline 
silicon 107; and the thin-film P-resistor 138 and thin-film hi- 
res is tor 139 which are formed of the thin-film polycrystalline 
silicon formed on the field insulating film 106. 

The reason for adopting an LDD structure as the MOS structure 
is as already explained with respect to the CMOS semiconductor 
device shown in Fig. 35. Similarly, the reason for adopting a 
thin-film polycrystalline silicon as the resistor is as already 
explained with respect to the third embodiment shown in Fig. 22. 
However, since the CMOS structure that forms the basis of the present 
invention is of the P+gate electrode, the effect on low voltage 
operation and low power consumption is the same as in the embodiments 

described above. 

Next, a fifth embodiment of a method of manufacturing the CMOS 
semiconductor device of the present invention will be described 
with reference to the drawings. 
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The same steps as in Fig. 23 to Fig. 2 4 are performed to form 
P+polycrystalline silicon gate 133. The film thickness of the 
P-fpolycrystalline silicon is from 2000A to 6000A, since the gate 
electrode is formed of a single layer of the polycrystalline 
silicon . 

Next, as shown in Fig. 46, the insulating film 134 is formed 
on the polycrystalline silicon. As in the method of manufacturing 
the CMOS semiconductor device of the fourth embodiment described 
above, a lamination structure in which the lower layer is a silicon 
oxide film and the upper layer is a silicon nitride is adopted for 
this insulating film 134. The total thickness of the insulating 
film 134 is 1000 A to 3000A. 

Next, as shown in Fig. 47, the insulating film 134 and the 
P+polycrystalline silicon are patterned by the photolithography 
method and anisotropic dry etching to form gate electrodes and 
wiring . 

The formation is carried out by two methods. That is, one 
method is such that after the photo resist is patterned by the 
photolithography method, the insulating film is etched using the 
photo resist as a mask, the polycrystalline silicon is etched while 
the photo resist is left, and thereafter, the photo resist is removed. 
The other method is such that after the photo resist is patterned 
by the photolithography method, the insulating film is etched using 
the photo resist as a mask, the photo resist is peeled, and 
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thereafter, the polycrys talline silicon is etched using the 
insulating film as a mask. 

Next, as shown in Fig. 48, the photo resist 132 is patterned 
so as to open the NMOS by the photolithography method. Then, the 
donor such as phosphorous or arsenic is introduced into the P- 
type substrate at low concentration by the ion injection method, 
and the N-regions 142, which correspond to the source and the drain 
at low concentration of the NMOS are formed. 

The impurity concentration depends on the operation voltage 
of the semiconductor product, but the dose amount is generally 10 12 
atoms/cm 2 to 10 M atoms/cm". The concentration is 10 u ' atoms/cm 1 to 
10 19 atoms/cm 3 in this case. 

Next, after the photo resist is removed, as shown in Fig. 49, 
the photo resist 132 is patterned so as to open the PMOS by the 
photolithography method. Then, the acceptor such as boron or BF 2 
is introduced into the N-well at low concentration by the ion 
injection method, and P-regions 143, which correspond to the source 
and the drain at low concentration of the PMOS are formed. 

The impurity concentration is the same as in the NMOS, and 
the dose amount is generally 10 12 atoms/cm 2 to 10 1 " atoms/cm 2 . The 
concentration is 10 16 atoms/cm 3 to 10 18 atoms/cm 3 in this case. 

Next, after the photo resist is removed, as shown in Fig. 50, 
an insulating film 144 that becomes side spacers later is formed 
on the semiconductor substrate by a CVD method. The side spacer 
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needs to be formed such that the insulating film 134 on the 
polycrystalline silicon is left for the insulating film in this 
case. Thus, a silicon oxide film, which has the etching selective 
ratio to the silicon nitride film as the upper layer of the 
insulating film 134, is used as this insulating film 144. The 
thickness of the .insulating film 144 is generally 2000 A to 6000 
A although depending on the degree of required electric field 
relaxation. Heat treatment may be conducted after the insulating 
film 144 is deposited for the closeness of the oxide film, and the 
like. 

Subsequently, as shown in Fig. 51, the insulating film 144 
is etched by anisotropic dry etching, whereby the side spacers 141 
are formed on the side walls of the polycrystalline silicon being 
the gate electrode or wiring. 

In the formation of the side spacers 141, since the insulating 
film 144 is the silicon oxide film and the upper layer of the 
insulating film 134 on the polycrystalline silicon is the silicon 
nitride film, sufficiently large selective ratio in anisotropic 
dry etching can be obtained. Thus, the insulating film on the 
polycrystalline silicon is not etched during the etching and remains 
thereon . 

Next, as shown in Fig. 52, thin film polycrystalline silicon 

136 is deposited. 

The thin film polycrystalline silicon is deposited by the CVD 
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method similarly in case of the polycrys talline silicon used for 
the gate electrode and wiring. However, in many cases, the thin 
film polycrystalline silicon is deposited at the lowered deposition 
temperature since it has a small thickness of 500 A to 2000 A. In 
addition, the film deposition may also be performed by a sputtering 
method. 

Since the resistor is formed by using the thin-film 
polycrystalline, the precision of the resistance value can be 
sufficiently kept even though the sheet resistance value of the 
resistor is set high to several kQ/square to several tens of 
Q/square . 

Next, as shown in Fig, 53, the photo resist 132 is patterned 
so as to open the portion to be an N-type resistor by the 
photolithography method, and phosphorous or arsenic as donor 
impurities is selectively introduced into the thin film 
polycrystalline silicon 136 by the ion injection method. 

As to be described later, there may be the case where the ion 
injection of the acceptor dopant at low concentration is conducted 
into the entire surface of the thin film polycrystalline silicon 
in the later step as described later. However, the dose amount is 
set such that the conductivity type is N-type even after the ion 
injection. The dose amount is generally in a range of 10 1 " 1 atoms/cm* 
to 10 15 atoms/cm 2 , and the net concentration is approximately 1 x 
10 M atoms/cm 3 to 9 x 10 18 atoms/cm 3 . The sheet resistance value is 



134 



several kQ/square to several tens of kQ/square. It is necessary 
to set the sheet resistance value to the above value in order to 
set a consumption current in the voltage dividing circuit due to 
resistance to at least pA or less. 

Further, there may be the case where high resistance of the 
N-type polycrystalline silicon is unnecessary depending on the 
circuit or product. In this case, the step shown in Fig. 53 is 
omitted. 

Next, after the photo resist 132 is peeled, as shown in Fig. 
54, boron or BF 2 as the acceptor impurities is introduced into the 
thin film polycrystalline silicon 136 by the ion injection method 
to form a P-type resistor region. 

The dose amount is generally in a range of 10 1 " atoms/cm" to 
10 lb atoms/cm", and the net concentration is approximately 1 x 10 14 
atoms/cm 3 to 9 x 10 18 atoms/cm 3 . The sheet resistance value is 
several kQ/square to several tens of kQ/square. The sheet 
resistance value is set to the above value in order to set a 
consumption current in the voltage dividing circuit due to 
resistance to at least pA or less as in the N-type resistor. 

Further, there may be the case where high resistance of the 
P-type polycrystalline silicon is unnecessary depending on the 
circuit or product. In this case, the step shown in Fig. 54 is 
omitted . 

The N-type resistor region and the P-type resistor region are 
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formed in the thin film polycrystalline silicon through the steps 
shown in Fig. 53 and Fig. 54. However, this step order is not 
necessary adopted. The N-type resistor region and the P-type 
resistor region can be similarly formed by exchanging the steps 
in Fig. 53 and Fig. 54. 

Next, as shown in Fig. 30, the thin film polycrystalline 
silicon 136 is patterned by the photolo thography method and etching 
to form a resistor. 

Since the processing of the resistor requires precision, this 
is performed by an anisotropic dry etching method. Generally, the 
selective ratio in the dry etching of the polycrystalline silicon 
and the nitride film cannot be set very large. Therefore, there 
may be a case where, during the etching of the thin film 
polycrystalline silicon, the nitride film, which is the upper layer 
of the insulating film 134 on the P+polycrystalline silicon 133 
used for the gate electrode and wiring, is entirely removed. 
However, as for the oxide film that is the lower layer of the 
insulating film 134, sufficiently large selective ratio to 
polycrystalline silicon can be secured during the dry etching. As 
a result, since the insulating film 134 on the P+polycrystalline 
silicon 133 is not entirely removed, it can adequately function 
as a mask during ion injection performed when forming a source and 
a drain which will be described later. 
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Then, after the photo resist 132 is peeled, as shown in Fig. 
56, the photo resist 132 is patterned so as to open the portions 
of the NMOS and the N-type resistor, which are to be contacted with 
the wiring metal, by the photolithography method. Then, the donor 
such as phosphorous or arsenic is introduced into the P-type 
substrate and the. N-type resistor at high concentration by the ion 
injection method, and N+regions 103, which correspond to a source 
and a drain of the NMOS, and an N+polycrystalline silicon region 
109 are formed. 

Arsenic having a small diffusion coefficient with which a 
shallow source and a shallow drain are obtained is generally used 
as impurities. The dose amount is 1 x 10 1! ' atoms/cur' or more in order 
to attain low resistance as much as possible, and the concentration 
is 1 x 10 19 atoms/cm 3 or more in this case. 

Further, in this case, since the insulating film 134 is formed 
on the gate electrode of the NMOS, the donor does not enter the 
P+gate electrode of the NMOS. Thus, the working function and the 
resistance value do not change. Further, the donor does not enter 
the area below the region where side spacer is formed, so the drain 
edge can be made low electric field. 

Moreover, although not shown in the figure, the N+resistor 
formed of thin film polycrystalline silicon, in which the entire 
N-type resistor region is at high concentration, can be formed for 
the purpose of improvement of a temperature coefficient. 
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Then*, after the photo resist is peeled, heat treatment for 
activation of impurities is conducted if necessary. Thereafter, 
as shown in Fig. 57, the photo resist 132 is patterned so as to 
open the portions of the* PMOS and the P-type resistor, which are 
to be contacted with the wiring metal, by the photolithography 
method. Then, the acceptor such as BF, or boron is introduced into 
the N-well and the P-type resistor at high concentration by the 
ion injection method, and the P+region 104, which corresponds to 
the source and the drain of the PMOS, and the P+polycrystalline 
silicon region 108 are formed. Since the resistance is made low 
as much as possible as in the NMOS, the dose amount is 1 x 10 ,r> 
atoms/cm" or more, and the concentration is 1 x 10 19 atoms/cm J or 

more in this case. 

Further, in this step as well, the P+resistor at high 
concentration over the entire region can be formed as described 
in Fig . 56 . 

As described above, through the steps of Figs. 23 and 24 and 
Figs 46 to 57, the structure of the CMOS semiconductor device of 
the fifth embodiment of the present invention shown in Fig. 45 can 
be obtained. 

Fig. 58 is a schematic cross sectional view of a CMOS 
semiconductor device of a sixth embodiment of the present invention. 

The CMOS semiconductor device is constituted of a CMOS that 
is composed of: the NMOS 113 having an LDD structure in which a 
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gate electrode formed on the P-type semiconductor substrate 101 
has a so-called polycide structure that is a lamination layer of 
a high melting point metal silicide 127 and the P+polycrystalline 
silicon 107 and in which a source and a drain have an LDD structure; 
and the PMOS 112 having an LDD structure in which a gate electrode 
formed on the N-well region 102 also has a polycide structure that 
is a lamination layer of a high melting point metal silicide 127 
and the P+polycrystalline silicon 107, and the P-resistor 111 and 
N-resistor 115 which are formed of the polycrystalline silicon from 
the same layer of the polycrystalline silicon that is the lower 
layer of the polycide electrode formed on the field insulating film 
106. 

Since the resistors are formed of the polycrystalline silicon 
from the same layer of the polycrystalline silicon that is the lower 
layer of the polycide electrode, the film thickness of the resistors 
is small at 1000 A to 4000 A. Therefore, excellent precision of 
the resistance value can be achieved. 

The reason for adopting an LDD structure as the MOS structure 
is two-fold, that is, for achieving minuteness and improved 
reliability, as already explained with respect to the fourth 
embodiment of the CMOS semiconductor device shown in Fig. 35.- 
Similarly, the reason for adopting a polycide structure for the 
gate electrode is for achieving high speed, as already explained 
with respect to the third embodiment shown in Fig. 22. However, 



139 



since the CMOS structure that forms the basis of the present 
invention is of the P+gate electrode, the effect on low voltage 
operation and low power consumption is the same as in the embodiments 
described above. 

Next, a method of manufacturing the CMOS semiconductor device 
of the sixth embodiment of the present invention is described with 
reference to the drawings. 

In the Fig. 59, the following state is shown. After the 
P+polycrystalline silicon region 133, the N-polycrystalline 
silicon region 111, and the P-polycrystalline silicon region 110 
are formed in the polycrystalline silicon 131 by the steps shown 
in Fig 12 to Fig 15, the insulating film 145 is deposited by the 
CVC method. Then, the insulating film 145 is patterned by the 
photolithography method and etching such that it is deposited over 
the N-polycrystalline silicon region 111 and the P-polycrystalline 
silicon region 110. 

Here, the difference from the steps shown in Fig. 12 to Fig 
15 resides in the film thickness of the polycrystalline silicon 
131, which is small at 1000 A to 4000 A. This is to achieve the 
polycide structure of the gate electrode. 

A silicon oxide film is generally used as the insulating film 
145, and the thickness thereof is in a range of 1000 A to 4000 A. 
After the deposition of the insulating film 145, it may be subjected 
to heat treatment for thirty minutes at a temperature of 900°C in 
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an electric furnace in order to enhance the closeness of the film. 

Subsequently, as shown in Fig. 60, the high melting point 
metal is deposited on the P+polycrystalline silicon 133 and the 
insulating film 145 by a sputtering method or a CVD method. 
One of molybdenum silicide, tungsten silicide, titanium silicide 
and platinum silicide is used as the high melting point metal 
silicide, and the thickness of the high melting point metal silicide 
is 500 A to 2500 A. As for the formation thereof, although there 
is some fear for potential damages, a sputtering method is generally 
used from the viewpoint of adhering property of the high melting 
point metal silicide with the polycrys talline silicon. 

Then, as shown in Fig. 61, the photo resist 132 is patterned 
by the photolithography method so as to open the insulating film 
145 and its vicinity, and the high melting point metal silicide 
is selectively removed by the dry etching method. 

Next, the photo resist is removed, and after removing the 
insulating film 145 on the resistor by wet etching using the HF 
solution or the like, the insulating film 134 is formed on the high 
melting point metal silicide 127 and the polycrystalline silicon 
being the resistor, as shown in Fig. 62. ^ This insulating film has 
a lamination structure in which the lower layer is a silicon oxide 
film and the upper layer is a silicon nitride film. The silicon 
nitride film is formed by a CVD method. Similarly, the nitride film 
is also formed by the CVD method. The total thickness and the 
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thicknesses of the oxide film and the nitride film are set such 
that the insulating film 134 functions as a mask for preventing 
the donor dopant from entering the gate electrode in the formation 
of the source and drain of the NMOS and that the oxide film as the 
lower layer of the insulating film 134 does not expose in the 
formation of the side spacer, which is described later. For example, 
the thickness of the silicon nitride film is set 2000 A, and that 
of the silicon oxide film is set 1000 A. 

Further, in this step heat treatment may be conducted after 
the insulating film 134 is formed to enhance the closeness of the 
film. 

Next, as shown in Fig. 63, the insulating film 134, the high 
melting point metal silicide 127 and the polycrystalline silicon 
are patterned by the photolithography method and etching to form 
gate electrodes, wiring and resistors. As to the resistor portion, 
since the high melting point metal silicide 127 does not exist on 
the polycrystalline silicon, etching is completed before etching 
of the gate electrode and wiring regions. However, the base film 
is the thick field insulating film 106, and thus, no problems occur. 

The steps shown in Fig. 36 to Fig. 42 are conducted for the 
subsequent steps to obtain the structure of the CMOS semiconductor 
device of the sixth embodiment in Fig. 58. 

In Fig. 64, after the steps through the step of Fig. 59 are 
conducted, the high melting point metal 140 such as cobalt or 
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titanium is deposited on the P+polycrystalline silicon 107 and the 
insulating film 145 by a sputtering method. 

The thicknesses of cobalt and titanium are in a range of 100 
A to 500 A. In case of cobalt, there may be the case where titanium 
or titanium nitride is laminated with a thickness of several tens 
of A to several hundred of A. 

Next, heat treatment is performed at 600°C to 750°C for several 
tens of seconds to one minute by, for example, the rapid thermal 
process (RTP) to silicify the portion of the high melting point 
metal which contacts the polycrystal line silicon. Then, the high 
melting point metal that does not react on the insulating film 145 
is selectively removed by, for example, a mixed solution of hydrogen 
peroxide and ammonia or a mixed solution of sulfuric acid and 
hydrogen peroxide. The state is shown in Fig. 65. 

Next, the RTP is conducted at 700°C to 900°C for several tens 
of seconds. Thereafter, the insulating film 145 on the 
polycrystalline silicon resistor is removed by etching with the 
HF solution. Thus, the structure shown in Fig. 66 can be obtained. 

In the second embodiment, it is possible to left the high 
melting point metal silicide on the gate electrode and wiring 
regions in a self -aligning manner in comparison with the 
above-described embodiments. Thus, the second embodiment has an 
advantage that the photolithography step can be reduced in 
comparison with the above-described embodiments. 
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Through the same steps as in the manufacturing method shown 
in the step of Fig. 62 and the subsequent steps, the structure of 
the CMOS semiconductor device of the sixth embodiment in Fig. 58 
can be obtained. 

Also, the above-described method of forming the high melting 
point metal silicide electrode in the gate electrode and wiring 
regions in a self -aligning-manner and the method of simultaneously 
doping the impurity in the low concentration regions of the NMOS 
and the PMOS and the resistor region of the polycrystalline silicon 
region are combined, whereby the structure of the CMOS semiconductor 
device of the sixth embodiment in Fig. 58 can be obtained. In this 
case, the further reduction of the step is possible, which leads 
to remarkable improvement of the manufacturing period and the 
manufacturing cost . 

Further, in the method of manufacturing the CMOS semiconductor 
device of the sixth embodiment, in the state of Fig. 59, after the 
N-polycrystalline silicon region 111, the P-polycrys talline 
silicon region 110 and the P+polycrystalline silicon region 107 
are formed into the polycrystalline silicon, which corresponds to 
the steps of Fig. 12 to Fig. 15, the insulating film 145 is deposited 
and patterned. However, the following possible. That is, the 
above step order is changed. After the N-polycrystalline silicon 
region 111 and the P-polycrystalline silicon region 110 are formed, 
the insulating film 145 is patterned as shown in Fig. 59. Thereafter, 
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the P+region 107 .i s formed into the polycrysta.Ui ne silicon using 
the patterned insulating film 145 as a mask. In this case, the 
masking step is reduced, which is advantageous in terms of the 
manufacturing period and cost. 

Fig. 67 is a schematic cross sectional view of a CMOS 
semiconductor device of a seventh embodiment of the present 
invention. 

The CMOS semiconductor device is constituted of a CMOS composed 
of the NMOS 113, in which the gate electrode formed on the P-type 
semiconductor substrate 101 has a lamination structure of the high 
melting point metal silicide 127 and the P+ polycrystalline silicon 
107. and the source and the drain have the LDD structure, and the 
PMOS 112 with the LDD structure, in which the gate electrode formed 
on the N-well region 102 has a polycide structure of the lamination 
structure of the high melting point metal silicide 127 and the 
P+polycrystalline silicon 107, and the P-resistor 138 and the 
N-resistor 139 formed of the thin film polycrystalline silicon which 
are formed on a P-type semiconductor substrate 101. 

The reason for adoption is for the minuteness and improvement 
of the reliability as in the CMOS semiconductor device of the fourth 
embodiment in Fig. 3-5. The reason the resistor is formed of the 
thin film polycrystalline silicon is for the resistance precision 
as in the fifth embodiment. However, the CMOS structure that is 
the basis of the present invention is the P+gate electrode. Thus, 
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the effect on the low voltage operation and low power consumption 
is the same as in the above-described embodiments. 

The CMOS semiconductor device of the seventh embodiment of 
the present invention in Fig. 67 is formed by conducting the 
combination of the methods of manufacturing the CMOS semiconductor 
device of the third to sixth embodiments, for example, the 
combination of the steps of Fig. 23 to Fig. 26 and the steps of 
Fig. 48 to Fig. 57. 

Fig. 68 is a schematic cross sectional view of a CMOS 
semiconductor device of an eighth embodiment of the present 
invent ion . 

The gate electrode has the CMOS with the single polarity of 
the P-fpolycrystalline silicon and the P-resistor 113 and the 
N-resistor 115 which are formed of the polycrystalline silicon of 
the same layer as the gate electrode, which are the basis of the 
present invention. 

The CMOS semiconductor device of this embodiment has the 
effects of the low voltage operation, low power consumption and 
low cost as in the above-described embodiments. Further, the CMOS 
semiconductor device has a so-called drain extension MOS structure 
in which a source and a drain or only a drain is the diffusion layers 
N-142 or the diffusion layer P-143, in which the impurity 
concentration is low, and a source and a drain or only a drain is 
the diffusion layers N+103 or the diffusion layers P+104, in which 
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the impurity concentration is high, for the purpose of attaining 
improvement of the modulation of the channel length in an analog 
circuit, suppression of the reduction of the reliability due to 
hot carriers, and improvement of the drain withstand voltage. This 
structure is for coping with a VD and a VR with high input voltage 
and a boosting type SWR with high output voltage. 

The distance from the gate electrode to the diffusion layer 
at high impurity concentration that is formed away from the gate 
electrode, that is, the offset length is generally 0.5 pin to several 
urn although depending on the voltage input to the semiconductor 
device. In Fig. 68, the offset structure is adopted for one side 
of the PMOS 112 while both sides of the NMOS 113 take the offset 
structure. However, as to the PMOS, an appropriate structure for 
an element circuit can be selected in accordance with the usage 
of the circuit irrespective of the- conductivity type of the MOS 
transistor. Normally, in the case where a current direction is a 
bidirection and a source and a drain are changed depending on 
circumstances so that a withstand voltage is needed in both 
directions, both the source and the drain take the offset structure. 
On the other hand, in the case where the current direction is one 
direction and the source and the drain are fixed, only the drain 
takes the offset structure for the reduction of parasitic 
capacitance. 

Next, a method of manufacturing the CMOS semiconductor device 
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of the eighth embodiment of the present invention in Fig. 68 is 
described with reference to the accompanying drawings. 

The steps shown in Fig. 12 to Fig. 15 are conducted to obtain 
the structure shown in Fig. 69. 

Fig. 68 is a schematic cross sectional view of a CMOS 
semiconductor device of a eighth embodiment of the present 
invention - 

The gate electrode that is the basis of the present invention 
has the CMOS with the single electrode of the P-t-polycrystalline 
silicon and the P-resistor 113 and the N-resistor 115 which are 
formed of the polycrystalline silicon of the same layer as the .gate 
electrode . 

The CMOS semiconductor device of this embodiment has the 
effects of the low voltage operation, low power consumption and 
low cost as in the above-described embodiments. Further, the CMOS 
semiconductor device has a so-called drain extension MOS structure 
in which a source and a drain or only a drain is the diffusion layers 
N-142 or the diffusion layer P-143, in which the impurity 
concentration is low, and a source and a drain or only a drain is 
the diffusion layers N+103 or the diffusion layers P+104, in which 
the impurity concentration is high, for the purpose of attaining 
improvement of the modulation of the channel length in an analog 
circuit, suppression of the reduction of the reliability due to 
hot carriers, and improvement of the drain withstand voltage. This 
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structure is for coping with a VD and a VR with high input voltage 
and a boosting type SWR with high output voltage. 

The distance from the gate electrode to the diffusion layer 
at high impurity concentration that is formed away from the gate 
electrode, that is, the offset length is generally 0.5 pm to several 
pm although depending on the voltage input to the semiconductor 
device. In Fig. 68, the offset structure is adopted for one side 
of the PMOS 112 while both sides of the NMOS 113 take the offset 
structure. However, as to the PMOS, an appropriate structure for 
an element circuit can be selected in accordance with the usage 
of the circuit irrespective of the conductivity type of the MOS 
transistor. Normally, in the case where a current direction is a 
bidirection and a source and a drain are changed depending on 
circumstances so that a withstand voltage is needed in both 
directions, both the source and the drain take the offset structure. 
On the other hand, in the case where the current direction is one 
direction and the source and the drain are fixed, only the drain 
takes the offset structure for the reduction of parasitic 
capacitance . 

Next, a method of manufacturing the semiconductor device of 
the eighth embodiment of the present invention in Fig. 68. 

The steps shown in Fig. 12 to Fig. 15 are conducted to obtain 
the structure shown in Fig. 69. 

Then, as shown in Fig. 70, the polycrystalline silicon 131 
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is patterned by the photolithography method and etching to form 
gate electrodes, wiring and resistors. 

In the so-called mask offset CMOS structure in Fig. 70, a mask 
of the photo resist to the gate electrode is possible in the 
formation of. the source and drain at high concentration, and thus, 
the donor impurity at high concentration can be prevented from being 
introduced into the gate electrode of the NMOS . Therefore, the 
formation of the insulating film on the polycrystalline silicon 
131, which is needed in the method of manufacturing the CMOS 
semiconductor device of the first to seventh embodiments, is not 
required . 

Next, as shown in Fig. 71, the photo resist* 132 is patterned 
so as to open the NMOS by the photolithography method. Then, the 
donor such as phosphorous or arsenic is introduced into the P- 
type substrate at low concentration by the ion injection method, 
and the N-regions 142, which correspond to the source and the drain 
at low concentration of the NMOS are formed. 

The impurity concentration depends on the operation voltage 
of the semiconductor product, but the dose amount is generally 10 1 " 
atoms/cm 2 to 10 1 " atoms/cm 2 . The concentration is 10 16 atoms/cm 3 to 
10 18 atoms/cm 3 in this case. 

It is necessary to mask the gate electrode by the photo resist 
and introduce the impurity in the formation of the source and drain 
at high concentration in the NMOS as described above. Thus, in the 
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step of Fig. 71, the donor impurity at low concentration needs to 
be introduced into both the source and the drain. At this time, 
the donor impurity is also introduced into the P+polycrys tall ine 
silicon gate electrode of the NMOS . However, since the order of 
the donor impurity differs, the working function and the resistance 
value of the gate electrode are not influenced. 

Further, there may be the case where the acceptor impurity 
is introduced with relatively high energy using the same photo 
resist pattern as a mask by the ion injection method to provide 
a so-called P-type pocket at the lower portion of the N-low 
concentration region 142. 

Next, after the photo resist is removed, the photo resist 132 
is patterned so as to open the PMOS by the photolithography method. 
Then, the acceptor such as boron or BF 2 is introduced into the N-well 
at low concentration by the ion injection method, and the P-regions 
143, which correspond to the source and the drain at low 
concentration of the PMOS are formed. 

In Fig. 72, the P-region is formed for one side of the PMOS, 
that is, only the drain side. However, as described above, the 
P-regions may be formed for both the source and the drain in 
accordance with the usage of the circuit of the PMOS. 

Further, in this step, there may be the case where the donor 
impurity is introduced with relatively high energy by the ion 
injection method to provide a so-called N-type pocket at the lower 
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portion of the P-low concentration region 143 as in the step of 
Fig. 71. 

Next, after the photo resist 132 is peeled, as shown in Fig. 
73, the photo resist 132 is patterned so as to open the portions 
of the NMOS and the N-type resistor, which are to be contacted with 
the wiring metal,. by the photolithography method. Then, the donor 
such as phosphorous or arsenic is introduced into the P-type 
substrate and the N-type resistor at high concentration by the ion 
injection method, and the N+regions 103, which correspond to the 
source and the drain of the NMOS, and the N+polycrys talline silicon 
region 109 are formed. 

Arsenic having a small diffusion coefficient with which a 
shallow source and a shallow drain are obtained is generally used 
as impurities. The dose amount is 1 x 10 lb atoms /cnr or more in order 
to attain low resistance as much as possible, and the concentration 
is 1 x 10 19 atoms/cm 3 or more in this case. 

Further, since the photo resist is provided on the gate 
electrode of the NMOS in this case, the donor does not enter the 
P+gate electrode of the NMOS. Thus, the working function and the 
resistance value do not change. 

At this time, the photo resist is patterned so as to mask parts 
of the source and the drain, which are adjacent to the gate electrode, 
and the mask width is generally 0.. 5 pm to several pm as described 
above. However, the photo resist is provided on the source side, 
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which does not need consideration of hot carriers and channel length 
modulation, for the purpose of only masking the gate electrode. 
Therefore, it is only necessary to make the photo resist project 
from the gate electrode only by an alignment error value of an 
aligner that is used in the photolithography method at this time. 
For example, the .mask width suffices at approximately 0.3 pm. 

Next, after the photo resist is peeled, and after heat 
treatment for activation of the impurity is conducted if necessary, 
as shown in Fig. 74, the photo resist 132 is patterned so as to 
open the portions of the PMOS and the P-type resistor, which are 
to be contacted with the wiring metal, by the photolithography 
method. Then, the acceptor such as BF 2 or boron is introduced into 
the N-well and the P-type resistor at high concentration by the 
ion injection method, and the P+regions 104, which correspond to 
the source and the drain of the PMOS, and the P+polycrystalline 
silicon region 108 are formed. Since the resistance is made low 
as much as possible as in the NMOS, the dose amount is 1 x 10 ,f ' 
atoms/cm 2 or more, and the concentration is 1 x 10 19 atoms/cm 3 or 

more in this case. 

Through the above-described steps, the structure of the CMOS 
semiconductor device of the eighth embodiment in Fig. 68 can be 
obtained . 

A second embodiment of a method of manufacturing the CMOS 

4 

semiconductor device of the eighth embodiment in Fig. 68 is shown 
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in Fig. 75 and Fig. 76. 

In the manufacturing method shown in Fig . 12 to Fig. 15, without 
forming the N-polycrystalline silicon 111 in Fig. 13 and forming 
the P-polycrystalline silicon 110 in Fig. 15, patterning of the 
polycrystalline silicon shown in Fig. 70 is conducted to form the 
regions to be gate electrodes, wiring and resistors. Thereafter, 
as shown in Fig. 75, the photo resist 132 is patterned so as to 
open the portions to be the NMOS and the N-type resistor. Then, 
the donor such as phosphorous or arsenic is introduced into the 
P-type semiconductor substrate and the polycrystalline silicon at 
low concentration by the ion injection method, and the N-regioris 
142, which correspond to the source and the drain at low 
concentration of the NMOS, and the N-polycrystalline silicon 111 
to be the N-type resistor are simultaneously formed. 

The impurity concentrations of the low concentration offset 
source and drain regions of the NMOS and the N-type polycrystalline 
silicon resistor are relatively close to each other. Thus, the 
simultaneous formation. described above is possible depending on 
the specification of the product. 

After the photo resist is removed, as shown in Fig. 76, the 
photo resist 132 is patterned so as to open the portions to be the 
PMOS and the P-type resistor as in Fig. 75. Then, the acceptor such 
as boron or BF. is introduced into the N-well and the polycrystalline 
silicon at low concentration by the ion injection method, and the 
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P-regions 143, which correspond to the source and the drain at low 
concentration of- the PMOS and the P-polycrystalline silicon 110 
to be the P-type resistor are formed. 

The same steps in the manufacturing method shown in Fig. 73 
and Fig. 74 are conducted for the subsequent steps to obtain the 
structure of the CMOS semiconductor device of the eighth embodiment 
in Fig. 68. In accordance with the second manufacturing method of 
the present invention described above, the masking step can be 
reduced, which is advantageous in terms of cost and a manufacturing 
period . 

Further, in the description of the method of manufacturing 
the CMOS semiconductor device of the eighth embodiment described 
above, the low concentration diffusion region of the MOS is formed 
before the formation of the high concentration diffusion region 
with respect to both the NMOS and the PMOS. However, the structure 
of the CMOS semiconductor device of the eighth embodiment in Fig. 
68 can be obtained even when the high concentration diffusion region 
is formed before the formation of the low concentration diffusion 
region. The effect of the semiconductor device is completely the 
same . 

Fig. 77 is a schematic cross sectional view of a CMOS 
semiconductor device of a ninth embodiment of the present invention. 

The gate electrode has the CMOS with the single polarity of 
the P+polycrystalline silicon 107 and the P-resistor 138 and the 
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N-resistor 139 which are formed of the polycrystalline silicon 
thinner than that of the gate electrode, which are the basis of 
the present invention. 

The MOS has a drain extension structure for the purpose of 
attaining improvement of the modulation of the channel length, 
suppression of the reduction of the reliability due to hot carriers, 
and improvement of the drain withstand voltage, and the resistor 
is thinned with the purpose of improving precision. However, the 
semiconductor device of this embodiment has the effects of the low 
voltage operation, low power consumption and low cost as in the 
above -de scribed embodiments . 

Next, a method of manufacturing the CMOS semiconductor device 
of the ninth embodiment of the present invention in Fig. 77 is 
described with reference to the drawings. 

Among the steps through the step shown in Fig. 46, the step 
of providing the insulating film 134 on the P+polycrystalline 
silicon 133 is omitted, and the P+polycrystalline silicon 133 is 
patterned by the photolithography method and dry etching. Thus, 
the structure shown in Fig. 78 is obtained. The reason the 
insulating film 134 is unnecessary is that the resist is used as 
a mask for preventing the donor from entering the P+polycrystalline 
silicon gate electrode. 

The thickness of the P+pol.ycrystalline silicon 133 is 2000 
A to 6000 A since the gate electrode is formed of the polycrystalline 
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silicon single layer. 

Next, as shown in Fig. 79, after the insulating film 137 is 
formed, the thin film polycrystalline silicon 136 is deposited. 

The insulating film 137 is, for example, an oxide film with 
a thickness of several hundred of A by a thermal oxidization method 
or an oxide film with a thickness of several hundred of A by a CVD 
method . 

The thin film polycrystalline silicon 136 is formed by the 
CVD method or a sputtering method in which a deposition temperature 
is lowered. 

The resistor is formed by using the polycrystalline silicon 
thinner than the polycrystalline silicon used for the gate electrode 
and wiring. Thus, the precision of the resistance value can be 
sufficiently kept even though the sheet resistance value of the 
resistor is set high to several kQ/square to several tens of 
. kQ/square . 

Next, as shown in Fig. 80, the photo resist 132 is patterned 
so as to open the portion to be the N-type resistor by the 
photolithography method, and phosphorous or arsenic as the donor 
impurity is selectively introduced into the thin film 
polycrystalline silicon 136 by the ion injection method. 

There may be the case where the ion injection of the acceptor 
dopant at low concentration is conducted into the entire surface 
of the thin film polycrystalline silicon in the later step as 
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described later. However, the dose amount is set such that the 
conductivity type is N-type and the concentration is in a certain 
range even after the ion injection. The dose' amount is generally 
in a range of 10 M atoms/cm' to 10 ib atoms/cnr, and the net 
concentration is approximately 1 x 10 M atoms/cnv 5 to 9 x 10 1H atoms /cm 1 . 
The sheet resistance value is several kQ/square to several tens 
of kQ/square. It is necessary to set the sheet resistance value 
to the above value in order to set a consumption current in the 
voltage dividing circuit due to resistance to at least pA or less. 

Further, there may be the case where high resistance of the 
N-type polycrystalline silicon is unnecessary depending on the 
circuit or product. In this case, the step shown in Fig. 80 is 
omit ted . 

Next, after the photo resist 132 is peeled, as shown in Fig. 
81, boron or BF, as the acceptor impurity is introduced into the 
entire thin film polycrystalline silicon 136 by the ion injection 
method to form a P-type resistor region. 

The dose amount is generally in a range of 10 M atoms/cm 3 to 
10 15 atoms/cm 2 , and the net concentration is approximately 1 x 10 lA 
atoms/cm 3 to 9 x 10 18 atoms/cm 3 . The sheet resistance value is 
several kQ/square to several tens of kQ/square. The sheet 
resistance value is set to the above value in order to set a 
consumption current in the voltage dividing circuit due to 
resistance to at least pA or less as in the N-type resistor. 
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Further, there may be the case where high resistance of the 
p_ t ype polycrystalline silicon is unnecessary depending on the 
circuit or product as in the N-type resistor. In this case, the 
step shown in Fig. 81 is omitted. 

The N-type resistor region and the P-type resistor region are 
formed in the thin film polycrystalline silicon 136 through the 
steps shown in Fig. 80 and Fig. 81. However, this step order is 
not necessary adopted. The N-type resistor region and the P-type 
resistor region are similarly formed by exchanging the steps in 
Fig. 80 and Fig. 81. 

Next, as shown in Fig. 82, the thin film polycrystalline 
silicon 136 is patterned by the photolithography method and etching 
to form the resistor . 

Anisotropic dry etching is conducted since precision is 
required for the processing of the resistor. 

The same steps as in the method of manufacturing the CMOS 
structure of the eighth embodiment shown in the step of Fig. 71 
and the subsequent steps are conducted to obtain the structure of 
the CMOS semiconductor device of the ninth embodiment in Fig. 77. 

Fig. 83 is a schematic cross sectional view of a CMOS 
semiconductor device of a tenth embodiment of the present invention. 

The gate electrode has the CMOS constituted of a lamination 
structure of the P+polycrystalline silicon 107 and the high melting 
point metal silicide 127, and the P-resistor 114 and the N-resistor 



115 which are formed of the polycrys talline silicon of the same 
layer as the polycrystalline silicon of .the lower layer of the gate 
electrode, which are the basis of the present invention. 

For the gate electrodes and the wirings, the polycide structure 
is employed, which is suitable for enhancing the high-speed 
operation, and in. the MOS structure, a drain extension structure 
is used for the purpose of attaining the improvement of the 
modulation of the channel length; suppressing the reduction of the 
reliability due to hot carriers; and attaining the improvement of 
the drain withstand voltage. However, as in the above-mentioned 
embodiment, there are .such effects as low voltage operation, low 
power consumption, and low cost. 

Then, description will be made of a manufacturing method of 
a CMOS semiconductor device in accordance with a tenth embodiment 
of the present invention with reference to the drawing shown in 
Fig. 83. 

Among the steps shown in Figs. 59 to 63, the steps of forming 
the insulating film 134 on the N-polycrystalline silicon resistor, 
the P-polycrystalline silicon resistor, and the high melting point 
metal silicide 127 are omitted. The structure shown in Fig. 84 can 
be obtained by patterning the polycide structure, which is a 
lamination layer of the high melting point metal silicide and the 
polycrystalline silicon, and the resistor region formed of a single 
layer of polycrystalline silicon, by the photolithography method 
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and by dry etching. The reason why the insulating film 134 is 
unnecessary, similarly to the manufacturing method in accordance 
with the ninth embodiment, resides in that the resist may be used 
as the mask for preventing the donor from entering into the P+gate 
electrodes . 

Regarding the manufacturing steps after being obtained the 
above-mentioned state, the similar steps as the manufacturing 
method of the CMOS structure in accordance with the eighth 
embodiment of the present invention shown in Fig. 71 onwards, may 
be taken. As a result, as shown in Fig. 83, the structure of the 
CMOS semiconductor device in accordance with the tenth embodiment 
of the present invention can be obtained. 

Fig. 85 is a schematic cross sectional view of a CMOS 
semiconductor device in accordance with an eleventh embodiment of 
the present invention. The gate electrode has the CMOS formed of 
a lamination of P+polycrysalline silicon 107 and the high melting 
point metal filicide 127, which is the basis of the present invention, 
and has the P-resistor 138 and the N-resistor 139 which are formed 
from the polycrystalline silicon and are thinner than the 
polycrystalline silicon layer which is a lower layer of the gate 
electrode . 

For the gate electrodes and the wirings, the polycide structure 
is employed, which is suitable for enhancing the high-speed 
operation, and in the MOS structure, a drain extension structure 
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is used for the purpose of attaining the improvement of the 
modulation of the channel length; suppressing the reduction of the 
-reliability due to hot carriers; and attaining the improvement of 
the drain withstand voltage. Further, the resistor is made thinner 
for the purpose of attaining the improvement of its precision. 
However, as in the above-mentioned embodiment, there are such 
effects as low voltage operation, low power consumption, and low 
cost . 

The manufacturing method of a CMOS semiconductor device in 
accordance with an eleventh embodiment of the present invention 
can be obtained by appropriately combining the manufacturing 
methods of the CMOS semiconductor device in accordance with the 
eighth embodiment to the tenth embodiment of the present invention. 

Further, in the CMOS semiconductor device in accordance with 
the eighth embodiment to the tenth embodiment, the resist can be 
used as the mask for preventing donor impurities from doping into 
the P+gate electrode. Therefore, a hard mask material such as the 
insulating film 134 is not formed on the gate electrode. However, 
as shown in the first embodiment to the seventh embodiment, the 
hard mask material can be formed on the gate electrode. In this 
case, in the drain extension MOS structure, an overlapping of N+ 
and the gate electrode, in which the source side in NMOS is at high 
concentration diffusion, can be attained, with the result that 
parasitic capacitance on the source side can be reduced. 
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Further, in the manufacturing method for the CMOS 
semiconductor described in the third, fifth, seventh, ninth, and 
eleventh embodiments of the present invention, the thin film 
polycrystalline silicon that become the resistor is formed after 
the formation of the gate electrode. However, the resistor formed 
from the thin film. polycrystalline silicon may be formed in advance, 
and the gate electrode may be formed thereafter. 

Fig. 86 is a schematic cross sectional view of a CMOS 
semiconductor device in accordance with a twelfth embodiment of 
the present invention. The gate electrode is a CMOS of single 
electrode consisting of the P+polycrystalline silicon 107, which 
is a basis of the present invention, and therefore has effects of 
low voltage operation, low power consumption, and low cost, which 
are shown in the embodiments described above. However, in this 
embodiment, a MOS transistor structure constructing of a so-called 
"double diffused drain ( DDD) " structure is employed, in which the 
diffusion layers N + 103 and P + 104 with a dense impurity concentration 
are arranged on both the source and the drain while overlapping 
with the gate electrode, and on both the source and drain sides, 
or only the drain side thereof, the diffusion layers N-142 and P-143 
with a low impurity concentration are arranged while overlapping 
with the gate electrode. The DDD structure is employed for the 
purpose of ensuring the reliability and attaining the improvement 
of the resistance voltage. However, the diffusion layer with a high 
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impurity concentration overlaps the gate electrode, and therefore 
there is a merit in that the parasitic capacitance at the time of 
MOS operation can be reduced so much. However, the DDD structure 
has such a weak point that the overlapping of the gate with the 
drain, that is, a mirror capacity is large, with the result that 
the structure is not suitable for high frequency operation. 

In the embodiment shown in Fig. 86, a high withstand voltage 
structure is provided on only one side of the PMOS 112, and NMOS 
113 has the high withstand voltage structure on both sides. However, 
depending on the use method of the device in a circuit, an 
appropriate structure for the circuit may be selected 
notwithstanding of the conductivity type of the MOS transistor. 
Typically, in the case where current flowing direction is a two-way 
and the source and the drain are interchanged case by case, in which 
the withstand voltage is necessary for both directions, the high 
withstand voltage structure is employed for both the source and 
the drain. On the other hand, in the case where the current flowing 
direction is a single direction and the source and the drain are 
fixed, only one side, that is, only the drain side takes the high 
withstand voltage structure for the purpose of reducing the 
parasitic capacitance. Further, in Fig. 86, an example is 
described, in which a single layer of P+polycrystalline silicon 
is used as the gate electrode. However, it is possible to use the 
P+polycide structure as the gate electrode, and similarly, P- 
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resistor, N-resistor, P+resistor, and N + resistor may be optionally, 
arbitrary selected to use as the resistor. 

The manufacture of the CMOS . semiconductor device, as shown 
in Fig. 86, in accordance with the twelfth embodiment of the present 
invention, can be made by appropriately combining the manufacturing 
methods described in the above-mentioned embodiments. 

Fig. 87 is a schematic cross sectional view of a CMOS 
semiconductor device in accordance with a thirteenth embodiment 
of the present invention. The gate electrode is a CMOS of single 
electrode consisting of the P-fpolycrystalline silicon 107, which 
is a basis of the present invention, and therefore has effects of 
low voltage operation, low power consumption, and low cost, which 
are shown in the embodiments described above. However, in this 
embodiment, a MOS transistor structure is employed, in which on 
both the source and drain sides, or only the drain side thereof, 
the diffusion layers N-142 and P-143 with a low impurity 
concentration are arranged, and the diffusion layers N + 103 and P+104 
with a dense impurity concentration are arranged, in which both 
the source and the drain or only the drain is provided with a distance 
from the electrode and the field insulating film 106 is formed 
therebetween. Between the diffusion layer with a high impurity 
concentration and the gate electrode, a thick insulating film in 
a range of several thousand A to about 1 pm is formed. As a result, 
the electric field relaxation effect is remarkable, and has a merit 
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in that the structure can withstand high voltage operation, for 
example, can correspond to the operation in several tens V to several 
hundred V. However, there is a drawback that the size of the device 
can not be reduced. 

In the embodiment shown in Fig. 87, a high withstand voltage 
structure is provided on only one side of the PMOS 112, and NMOS 
113 has the high withstand voltage structure on both sides . However, 
depending on the use method of the device in a circuit, an 
appropriate structure for the circuit may be selected 
notwithstanding of the conductivity type of the MOS transistor. 
Typically, in the case where current flowing direction is a two-way 
and the source and the drain are interchanged case by case, in which 
the withstand voltage is necessary for both directions, the high 
withstand voltage structure is employed for both the source and 
the drain. On the other hand, in the case where the current flowing 
direction is a single direction and the source and the drain are 
fixed, only one side, that is, only the drain side takes the high 
withstand voltage structure for the purpose of reducing the 
parasitic capacitance. Further, in Fig. 87, an example is 
described, in which a single layer of P+polycrys tal 1 ine silicon 
is used as the gate electrode. However, it is possible to use the 
P+polycide structure as the gate electrode, and similarly, P- 
resistor, N-resistor, P + resistor, and N + resistor may be optionally, 
arbitrary selected to use as the resistor. 
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The manufacture of the CMOS semiconductor device, as shown 
in Fig. 87, in accordance with the thirteenth embodiment of the 
present invention, can be made such that the drift regions N-142 
and P-143 are formed at the time of LOCOS formation, that is, at 
the time of the channel stopper formation. After that, by 
appropriately combining the manufacturing methods described in the 
above-mentioned embodiments, the device can be obtained. 

Fig. 88 is a schematic cross sectional view of a CMOS 
semiconductor device of the fourteenth embodiment of the present 
invention . 

The gate electrode has the CMOS with the single polarity of 
the P+polycrystalline silicon 107 and a thin film resistor 146 
formed of a thin film metal, which. are the basis of the present 
invention. 

An Ni-Cr alloy, a Cr-SiO alloy, molybdenum silicide or |i- 
ferrite silicide is used as the material of a thin film metal 147, 
and the thickness of the thin film metal 147 is in a range of 100 
A to 300 A. 

In the case where the thin film metal is used for the resistor, 
the voltage dependency of the resistance value is low in comparison 
with the case of the resistor formed of the polycrystalline silicon. 
Thus, there is an advantage that the specific precision of the 
resistance value is improved while there is a disadvantage that 
the heat treatment or the step is limited in the manufacture of 
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the CMOS semiconductor device. In general, the thin film resistor 
is formed after the formation of the gate, source and drain. 

The CMOS semiconductor device of the fourteenth embodiment 
in Fig. 88 has the effects of the low voltage operation, low power 
consumption and low cost as in 'the above-described embodiments. 

As described above, in the power management semiconductor 
device or analog semiconductor device having the CMOS and the 
resistor, the conductivity type of the gate electrode of the CMOS 
is P-type as to both the NMOS and the PMOS, the short channel and 
the low threshold voltage are possible since the E-type PMOS is 
the surface channel type, the short channel and the low threshold 
voltage are possible since the buried channel type NMOS is extremely 
shallow for the reason that arsenic having a small diffusion 
coefficient can be used as the impurity for threshold control, and 
the resistor used in the voltage dividing circuit or CR circuit 
is formed of the polycrystalline silicon thinner than the 
polycrystalline silicon of the same layer as the gate electrode 
or the thin film metal. Thus, according to the present invention, 
the power management semiconductor device or analog semiconductor 
device, which is advantageous in terms of cost, manufacturing period 
and element performance in comparison with the conventional CMOS 
with the N+polycrystalline silicon gate single polarity or the same 
polarity gate CMOS in which the channel and the gate electrode have 
the same polarity, can be realized 
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